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Of Augmenting Force or Power, 


Piop.,I. If in a Leaver, the Power be to the Weight, as the Diſta = 
m the Prop 4 Hypomodþlian reciprocally,it will be in'Eqgili rio; 


each 

or N ab will ſuſtain the Weight, but not wart it, 358 
Prop. II. If the Proportion of Power o the Weight be greater, than. of the 

Diſtance of the Weight to the Diſtance of the Power from the Prop, the 

Power will raiſe the Weight, and overcome it, 
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Prop. III. If the Proportion of the Diſtance of the Power from the 8 | 


the Diſtance of the Weight from the Prop, be greater than ot the Weight 


to the Power; the Weight will be overcome and raiſed by the Power, 74:4. 
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Diſtance of the Power eq che Diſtanfe af the Weight, or if the Propor- 
tion of the Diſtance of the Weight to the Diſtance of the Power be greater 


ſuſtain the Weight. . | 37 
Prop. N. A Power is equivalent to ſo many Powers equal to it ſelf in Vir- 
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. tains, ſo chat the Force move only enen upward, ibid. 
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ly forcing downwards, 46 
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in a depreſſed Site, or Poſition, teſs Force is required than ian Horizon 


tal, an greater in an lavated Sn, les an alt i dg ol NV 162. 
Prop. XIII. If becauſe of the Figure of the Prop, the Point — which the 


Leaver reſts be changed, the, Proportion. go the Virtus of the Power 


to the Reſiſtance of the Weight will beſchanged- DD 
Prop. XIV. The Motion of a Power gblique to the Leaver, isdleſs powertul 
than when right, le Rees - £26 


it obliquely to the Line according to which, it.ſhould be moved, /is-lefs 


powerful, rabid, 


Prop. XVI. When two Powers conſiſting at the Eads of a Leaver ſuſta a. 
Weight hung on it, thag which is neareſt to the Weight ſuſtains the 
| | greater 


F the Uſe of the Leaver, and its Three Kinds, Page 37 


Shag.of the Power- to the Weight, the Power will neither elevate mor. 
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Prop. I. A ſingle immovable pulley neither adds nor 3 Fd. 
Prop. II. A Power is eaſily applied by a 


Prop. VUL If to moye the 


The TABLE. 
groater hart of the Weight, and that which is further, the leſſer. part, pro- 


tionally to the Diſtance reciprocally, 
5 Hl. Powers conſiſting at the Ends of a Leaver; do not beat the Wai 4 


2 - the longer Leaver, than on the ſhorter, 

Prop. XVIII. While two Powers ſuſtain a Weight whoſe Centre is above fl 
Leaver, in a declined Site, the Tower Power bears the greater Weight, : 

"Big: XIX. When a Power draws by a Line oblique to the Leaver, its re 


are is a Fe from the N to the Line of Direction, 
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b * Wheel, or Axis. in \ Perittachio, © 1 Thr 75 
Prop. I The Wheel, or Axis, in Peritrochio is a bier Leaver, 58 
Prop. II. While a Power acteth by the Force of its own Gravity, the In- 
_ creaſe of the Power doth not always _ to be irs from the Di- 
ſtance of the Axis, r 47 57 ON A8 
Prop III. Of the Windlace placed vertically, . 3 
— IV. Of the Double Wheel, or Axis, in eule, ee 65 
op. V. Of Wheels with Cogs, or Teeth wo 75 4 


— VI. To re- call Toothed Wheels to The. regt, 
The whole Multiplication of a Power by help © 5 is wipe 9 25 = 


to Leavers: Vea, he that diligently conſiders the Nature ef Wheels, 
may eaſily conſider the perpetual Lever in them; for each Cog, of the 
Wheel is a Leaver, which. are ſubſtituted to themſelves. by turns; fo 
that one being deficient, another ſugceeds it, ſh ＋ 127 iti 


Prop. VIE Of Engines moved by | 
Among others, thoſe Engines are fg: EP which are aller moved ; bs Py: 


inanimate things than by Animals, b ſe-that, i animate things want 


not Nouriſhment, and are never tire or wearied, ibid. 
Prop, VIII. .Of Engins that work by tlie Gravity of Weights, _ 1 
Prop. IX. Eng ines moved by Smoak, 75 
Prep. X. Of Engines working by the Winds- e ie 
The Art of Mills depends on Axis in Peritrockio, © Rr 74 
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| quired a Wei cht of 50 Pounds, and the Weight deſcend 20 Feet; keep 
ing the ſame N a Weight that ſhall move the Clock 24 Hours will 


require to be 100 Pounds, Page 8g, 
Prop. IX. In Diſpaſto, or two Pulleys, if the Chord of the movable Pulley 

be > about the Wheel, and is not faſtned to its Snateh»block,or 
ight, but to the immovable Point, the Power will be only nt : 


N 1 turn 


5 draws by the other end, 


Prop. X In Diſpaſto, or two Pulleys, if the end of the Rope be faſtned to che 5 
moveable Snatch- block, and the Rope be turned about the ſame Wheel, 


the Power will be tripled, or threefold, 


Prop. XL In Triſpaſto, or three Pulleys, if two Pulleys are immovable, and 


* only movable, the Power is tripled, 


XII. In Triſpaſto, or three Pulleys, two of them being ann ä 


| "Gnarch: block, quadruplicates the Power, 93 
Prop. XIII. If the Lower Snatch-block be advadle,- and the Power draw 


e e the Power is ſo many times multip.red, as are the drawing of 
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Chords, 


94+ 
Prop. XIV. If the lower Snatch-block be moveable, and the Power draw 
downwards, the Force of the Power is fo many times mulaplied as there 


are Drawings of the Chords, one lefs, ibid. 


Prop. XV. If the lower Snatch- block be movable; and the Rope be faſtned 
to the moveable. Snatch-block, the lower Pulley doubles the Power, 271 


renders one upper Power only equal to the Weight, 


Prop. XVI If the lower Snatch- block be moveable, and the Rope faltned ? ro . 
the upper; as many Pulleysas are be ow, ſo many times the Power is 
doubled, the upper ones ſerve only for Conveniency, ibid. 

— 4 e 1 XVII To diſpoſe Pulleys ſo, that, according to the number of the 

| ulleys, the Power may aways be increaſed double in a continual Pro- 


rtion, 


mY: XVIII. By Ab any Weight may be moved by any Power, 97 
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Power, 106 
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1 IV. Of Percuſſion, or Smiteing, 3 ibi 
V. Divers meaſures of raren, ENT WIT 
= VE. The meaſure of Percuſſion, FFF 
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| . 147 
Prop. III. A leſſer Wheel included in a greater is ſo moved; that in: it 177 


which is in the contact of the plane on which tis moved. 108357 
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Prop. VII. The quantity being given of a Stake, or Nail, driven into an“ 
body by a determined Weight, from a determined Height; to find 3 
Weight which will perform the ſame from any other Height. Page 113 

Prep. VIII. To make divers kinds of compound Engins. ibid 
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N Engin whereby a Waggoner may raiſe his Waggon, or Cart, altho' 
loaded; alſo by it, the roof of an Houſe, yea the whole caſe of the 
Houſe may be raiſed, | | 114 
To raiſe a vaſt Weight with an Engin compounded of a Pulley, Axis in 
Peritrochio, and a perpetual Screw, 115 
To take up a Mill-ſtene with an Engin wrought by the Smoak of a 
Lamp, 7 | 116 
An Engin by whoſe means a mighty weight is continually raiſed, altho? ' 
the Power be not continually applied; but now and then a little impulſe - 
eſſes it on by its own endeavour. | 117 / 
The Capſtands, or Windlaces, which obtain a vertical ſite, are of great uſe, 
becauſe they may be moved only by Animals, or Cattel, which alone proper- 
ly and rigorouſly move with a Horizontal motion 122 
An Engin to remove a Mountain, or heap of Earth, from one place to ano- 
ther, eaſily and quickly, 124 
An Engin to draw Water, or mineral matter, out of deep Wells, or Pits, 125 
To apply a Wheel to the precedent Engins, and to others of the like kind, 
by means whereof the Power is eaſed 128 
An Engin to raiſe the Water of a Fountain always flowing, to any height, 
by a voluntary motion, although the height be greater than that to which 
the Water deſcends, 7 
lp Engin to perform the-ſame thing eaſily in any given proportion of 
ight, | - | 1377 
An Engin to empty ſtanding Waters, 9 7 5 3 5 
An Engin by whoſe means the Water always aſcends to any given height, 
ſuppoſing alſo it be but a ſmall ſtream of Water, ſo it be but conſtant, 143; 
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P wy, I. Of mixt motion from circular and right, or from two or more 

5 irculars. nn | heb agg 146 

Prop. II. Any point except the Centre of the foreſaid Wheel, or Globe, de- 
cribes a crooked line which is not circular, ; | 


motion of the Centre is pron than the motion of the Orb, SIT 5-5 
* IV. The difficulty of Ariſtotles Wheel, that is, the motion of the le- 
er Wheel, when this is directed by the motion of the greater. ibid-1 
Prop. V. A Globe, or Wheel, while tis moved upon a plane, whether Ho 
rizontal or inclined, is moved by a mixt motion of a circular and a right, 

- and is determined according to a circular motion from the impediment : 
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VI. In the defcending of heavy Bodies on an inclined plane, or throngh 
hr e free Air, the motion of the Orb hinders not he motion of the Cen- 
tre, Page 160 

Prop. VII. A reaſon ma be given why a little wheel,or Globe, being preſt 
againſt a Table, is firſt thruſt forwards, but afterwards turns it ſelf back 
again upon the Table. 65 

Prop. VIII. The motion of a Rope, or of a Bali or G lobe, faſtned to the end 
of a Rope about a Cylinder, is a ſpiral motion n of many Cir- 
culars, 16 

Prop. TX. If a Globe, or Wheel, be moved and turn'd about on à crooked, ſu⸗ 
por ſicie which is immoveable, it makes a mixt motion from a double cir- 

- cular, 269 

Prop: Xx. The Spiral motion of Sphæres may be explicated, to wit, when a 

Sphere is moved by a motion mixt of right and circular, or of two cir- 

cular ones, 171 

Prop. XI In the motion of a Globe upon a plane, a threefold motion may 


be conjoined, ſo that it may be mixt of a right and two Circular ones, 172 


Prop. XII. A Globe, or ſuch like body, inſiſting on a plane, cannot move 
circularly about the Perpendicular Axis, unleſs at the ſame time it be im- 
| _ by a double i W in oppoſite parts, I ibid, 
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U Circular motion artificially fitted to Mechanick Uſe, : © Page 175 
Problem I. To make divers kinds of Wheels commonly uſed” in En- 
gins, ibid. 
Problem II. To apply Weights,or Powers, mri by their natiiral OY 
to Clocks, or other Engins, 
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or other Engins,by finite chords, as well as by infinite chords, 181 
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e lower Parts 4 183 
Problem V. To fit an irregular finite and diſorderly moving power, ſo to a- 
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tion, 185 
* VI. To mend the unequal motion of Clocks, or other Engins, by ap- 
ndulum, 8 189 


* „VII. Another way of fitting a pendulum to a Clock, 193 

Problem VIII. To amend the irregularity of all Clocks and Fugins meaſil- 
ing time, otherwiſe than by the manner of Pendulums, 194 
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Problem X. To determine the number of Tory and n in Clocks 


which have Pendulums. 4; 6 EL Oy 
A Clock with-3 Wheels. 198 
Problem XI. To correct perfectly, the inequallity of motion of Clocks, or o- 
ther Engine, that meaſure time having Pendulums, le Nor 
Problem XII, To reduce the continua moving and irregular Powers of 
Clocks and Engins to a regahr-and/uttfori motion, 205 


Problene XIII, A Clock animated, or going by ſand, perſevering i in motion 
many days, and ſhe wing the hours, and alſo ſtrikinſg, 9 
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Problem XIV. A Clock moving by the Conſumption. of Oyl ina Lamp, 209 
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any toothed Wheels. 52 Ant 1 Page 211 
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or alſo whole days. | 212 
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courſe, and the index of the Clock proceeds forward in both motions con- 
ſequently, | 441 | } 717.240 
Problem XVIII. The Hydraulic Clock of Father Bertinns; the outward ar- 
tifice of the hour Tympane ; the inward artifice of the Tympane, 218 
An eaſy and moſt ingenious art whereby the numbers of Hours are al- 
ways changed, and the hours are ſtruck in the hour Tympane, without the 


artifice of other vulgar-movers, Try | | 2320 
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Engin, hi an 0 Bt I ane 
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Problem XXIV. To make the ſame Power which moves the hour Index, 
to ſtrike the hours alſo, 5 236 
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tifices, | 241 
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- gins, 5 eee hd GEES G4 * 6 8 N ; 242 
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Ho to make the Application © 
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awing of Stones, 303 
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of toothed Wheels, | 304 
Prop XIV. The Deſcri 2 of a Wind- mill, together with the Computation 

of the Force of the Wind on its Sails, 305 

Prop. XV. Of Wheels, and of Lanterns, with their Elbows, or crooked 

Axes, for the moving the Suckers of Pumps, 8 305 


Prop. XVI. In toothed Wheels, the number of Teeth muſt not contain e- 
xactly ſo many times the Teeth of the Pinions, or Spindles of the Lan- 


terns, to which they are applied, 309 
Prop. XVII. Of oblique and interrupted Movements, or Motions, 319 
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Myſtery of Mature and Art unvail d. 


BOOK I. 


T- OMA 


the quantities of moving Forces, and of the times in 
which the Motion is made. 

The Centre of Gravity of any Body is a certain point with- 

in it, having the parts about it every where confiſting of equal 


1 HE Mechanic Art is a Science which contemplates about 


moments according to which it is born downward, and from 
' Whence if a body be conceived to be hung by a Line it reſteth 
while ir bears downward, keeping the Poſition which it had 


in the beginning, and that Line is always perpendicular to the 
Horizon. | 


PROFOS. I. 


* I Arious are theEngins, to which if force be uſed, their ſtrengths .. 
| are augmented in a wonderful manner, ſo that, that which 


Fir to overcome the reſiſtance of 100 pound weight, may be 


made ſufficient to overcome ioo pound, yea, zo pound weight, + 
and more : I will expound this Propoſition, which cannot be 
done better than by ſimply expoſing to view the Engines, whoſe 
forces are increaſed by the ſtrength of. their movers, and we 
will ſhew. what Experience approves in common Engins; and 
becauſe almoſt all Authors recal the other Powers to the Bal- 
lance, we will begin with it. „ Bon 


. 
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Of the Ballance. 


BY the Ballance we underſtand an iron Rod, hanging freely 


in the middle point which 1s called the Beam, or Centre ; 
and the effect which daily experience teaches us is this. 

Fig. 1. If two equal Weights ſuppoſe of 4 pound each be "ng 
in the points A and B, ſo that the lines AC, CB are equal, 
they will poiſe each other, or be in. Fquilibrio, But if the 
weight F be never ſo little removed from the Beam or Cech C, 
ſo that the line B C be longer than the line A C, the weight 


F overcomes and raiſcs the weight E; if you ask why thoſe forces 


are increaſed by their greater diſtance from the Beam, or Centre, 
ſo that the diſtance augmented is equivalent to the weight; 
that is, ſuppoſe two unequal weights E and G, and let the pro- 


portion of the weight E to the weight G, be the ſame as the 


diſtance CH to the diſtance A C; and that the weight at H com- 


penſates or makes amens in the diſtance for that which it wants 


in the Gravity or weight, ſo that they ſtill remain in equilibrio, 
(or equally poifed ) therefore it is queſtioned, wheretore the 
diſtance from the beam adminiſters ſufhcient ſtrength to it to re- 
ſiſt double irs weight; which is ſo far forth a truth, that if the 
line or rod C H being produced farther in certain diviſions, 
the fame weight, ſuppoſe one pound, will according to the ſe- 
yeral d iſtances equiponderate to any weight, or number of 
pounds hung in the point A, and this kind of Ba/lance is in uſe 
"every where, for Butchers weigh their meat by it, and Farmers 
their Hay, &c. Only Note this one thing, which in all En- 
gines ought to be noted, to wit, as often as the force of the 
power is increaſed by the Engin, ſo often alſo is its motion 
increaſed with reſpect to the motion of the weight; as in the 
former example, while the weight G is at the diſtance CH, being 


double the diſtance of A C, all things being ſo diſpoſed, if 


you remove the weight E one foot, the weight G muſt be 


removed 2 feet, fince it deſcribes an Arch doubly greater, or as. 


© great again. 


Of the Leaver.. 


He ſecond Engin which is propoſed is the Leaver, which 


Ry iT: is a firm body extended in length, as a Bar of Iron or a 
Vooden Bar of firm ſubſtance, in which three things are al- 


ways. 
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ways to be diſtinguiſhed ; ro wit, the power of the Movent, 
the Weight ro be moved, and the point that ſuſtains the Leaver, 
which is called Hyp:moclion or Prop, being nothing but a Roller 
or a piece of Timber or Stone laid under the Leaver, to ſup- 
port it, even as in the Ballance we diltinguiſh three things, to 
wit, the two Weights and the Beam or Cock ; whence ir 
comes to paſs that the Leaver is compared to the Ballance. And 


becauſe the Hypomoclion may poſſeſs either the middle place be- 


tween the power and the weight, or it may be in one of the 
extreams or ends, and that two fold, to wit, either ſo that the 
weight may poſſeſs the middle place, or eife the power may be 
in the middle, therefore there are three kinds of Leawers. 

Fig. 2. The firſt kind of Leaver hath the weight on one end 
A, the Power in the other end C, and the Hypomoclion in the 
middle, to wit, in the point B, and if the power happen to be 
equally diſtant from the Hypomoclion, with the weight, and fo 
equally moved; In ſuch diſpoſition if the power can of it felt 
and without an Exgin move 100 pound, and the weight A be 
Juſt 100 pound, it may move that and no more; but if the 
diſtance B C be greater than the diſtance A B, ſuppoſe double to 
it, and being ſo diſpoſed, while the weight is moved one foor, 
the Power C performs 2 feet, then the ſame power being plac- 
ed in C, will raife or overcome 200 pound in A. 

The ſame proportion in a manner is ſaid to be in the ſecond 
kind of Leaver, for becauſe the diſtance D F exceeds the diſtance 


DE, therefore the power placed in FP, will be increaſed accor- 


ding proportion of the line D F to the line DE. 
The third kind of Leaver increaſes not the force of the Pow- 


er, but rather increaſes the force and reſiſtance of the weight, 


and leſſens the force of the power; beeauſe the diſtance of the 
power H from the Hypomeclion G, 1s leſs than the diſtance G I 


of the weight from the ſame Hypomoclion; and conſequently in 


ſuch diſpolition the power is leſs moved than the weight. 


Of the Wheel, or Axis, in Peritrochio. Fig. 3. 


He heel, or Axis, in Peritrochio may be-varioully uſed, and this 
Figure expreſſes it ſufficiently, The power will be in the 


point E, and the weight in the point D; it may eaſily. be re- 
duced to the Leaver of thè firſt or ſecond kind; For its Axis 
Ag hath the force of the Hypomoclion, and becauſe the weight is 


8 in 
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in D, its diſtance will be C D and the diſtance of the power applied 9 
in F will be EF; Therefore the active force of the power will. — 
be increaſed according to the Ratio or proportion of the line 
* E F to CD, that is, if E F be four times as much as CD, and 
the power without an Engin may take up 100 pound weight; 
it being added to ſuch an Engin may take up or draw 400 
pound weight; Here we ſhall offer no reaſon, but expoſe the 
preciſe effect and experience; Wherein we would note one 
thing, that the preciſe diſtance from the Hypomoclien doth not 
conferr this augmentation, but that diſtance from whence 
| follows the greater motion in the power, will reſpect to 
the motion of the weight, that is, if the Power H ſhould 
draw by the rope FH, the diſtance H E 1s not to be re- 
garded, but only FE, becauſe although the length of the 
rope increaſe and conſequently the diſtance HE; notwith- 
ſtanding from that diſtance it doth not follow, that while the 
weight is moved one foot, the power is moved more than 
| four feer. 


Of the Pulley or Windleſs. Fig. 4. a 4 


* fingle Pulley increaſes not force, and is reduced to the 
Leaver; notwithſtanding being ſo compoſed that the diſtance 
of the weight and of the Power are equal, and theſe diſtances 
are DB, BE from the immoveable point B; and ſince no 
Pulley hath motion, but about the Fixed point B, therefore the 
forces are not increaſed, if the principle we proſecute be con- 
ſtituted, becauſe the power is as well moved as the weight. 
The only benefit that accrues from the Pulley in this diſpoſition, 
| is that the power may be more eaſily applied, and to ſhun 
. the reſiſtance which may happen by accident, becauſe the rope 
being turn'd about an immoveable Cylinder is fretted and 
worn. | 


The Pulley may be diſpoſed after another manner. 


| Fig. 5. It may be made ſo that the whole Pulley may move, 
| fuppoſing one end of the rope faſtned in A, and the weight G, 5 
a the Power E, and this is 2 reduced to the Second kind 2M 
of Leaver, for the Ehpomoclion is ſuppoſed in B, the weight G 9 
Kin E, and the power F is in D, and therefore the di * H 
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of the power is double from the Hypomoclion, and while the 


weight G aſcends to H, the Power F will be moved to a 


double diſtance : It is not needfal here to ſhew all the Combi- 
nations of Pulleys, but only in this caſe ro ſhew the double 
force of the power, and that force which before was equal to 
100 pound weight, by this diſpoſition may be made equal to 
200 pound weight. 


# 


Of the Wedge. Fig. 6. 


HE Wedge is an Inſtrument made of ſollid matter, as Fon ar 
1 iod ending in a ſharp point or edge, As ABCDEE 
ſome Authors ſtrive to reduce it to the Leader, in which we are 


indifferent. and the Medge ſeems to be a double Leaver of the 


ſecond kind, in which the Hypomeclion is in the line G H, the 
weight in Rand K, the Power in L and M, but how ill they 
have reſented or reduced it, we will ſhew hereafter ; However 
it be, it is certain the force of the Power is increaſed by the 
ſharpneſs of the Wedge, and the accuteneſs of the Angle, becauſe 
while the bodies which have the force of the weight, go back 
from one another by the line R K, the Wedge is moved accord- 
ing to the line IO: Add alſo, that the power which is ſtruck 
with a blow on the head of the Wedge, makes a greater motion, 


than the Power which is made by weight lying on the head of 


the Wedge. | . 
Of the Screw. Fig. 7. | 


He Screw is a moſt powerful Machine, or Engin, and is a 

Cylinder cut with a wreathed circle about it, which may 
be variouſly conſtituted and made: We ſhall not attempt to 
reduce it to the Leaver, but 'tis certain, that one man who 
can alone by his own ſtrength raiſe roo pound, may by this 
Engin ſometimes raiſe 10000 pound. For let the weight be 
be DE, the Power C, in the mean while that the weight is. 
moved according to the diſtance which is between two 
wreaths, or ſpires of the Screw, it is neceſſary that the power 
placed in the point C abſolves or finiſhes a whole Circle; 
therefore let the diſtance between the two wreaths be equal 


to the line N O, then ſeek how many times. the line N O is, 
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contained in the circumference of the circle CK L, if it be 
contained 100 times, the motion of the Power will be a hun- 


dred fold greater than the motion of the weight, as is proved 


by daily experience. 


— — 


PROPOS. II. 


Ariſtotle's Reaſon, why the forces of Powers are en- 


creaſed by the force of Engines, is Examined. 


: \ Riſtotle is the firſt that we know of that attempted this; 
we have often read his whole Treatiſe which he wrote 


of Engines, and confeſs we could never ſufficiently find out the 


univerſal principle of Machines or Engines : For he attempts 
only to give the reaſon of the Ballance, and reduces the Lea- 
ver to the Ballance, and the other Machines or Engines he ex- 
plicates by the Leaver : We ſhall do two things, Firſt, we ſhall 
examine the Reaſon which he offers, as the only true and moſt 
likely for the Ballance in the middle. Secondly, we ſhall try 
whether thoſe things which are {aid concerning the Ballance, 


may be ſaid of the Leaver, and whether thoſe things that be- 


long to the Leaver, may be eaſily applied to the other Ma- 
chines, or Engines: For he propoſes ſome wonderful things 
from the Circle, and adds, that thoſe things which are done 


about the Ballance are to be referred to rhe Circle, and thoſe 


concerning the Leaver to the Ballance, and all other Motions 
concerning Engins he referrs to the Leaver. 
Ariſtotle reaſons thus, Every Power moving to the centre of 
the World is born down by a right line, and the weight 
thruſts forward, or the weight according to its quantity con- 
tributes to ſuch motion; but when weight is moved in a Bal- 


lance then it is ſuppoſed to deviate from ſuch rectitude, and 


by deviation it breaks off and retards the motion preſſing for- 
ward from ſuch power, and by how much more the motion 
produced by ſuch power is retarded, by ſo much more de- 
creaſes the force of that power in order to ſuch motion; but 
becauſe that which is neareſt the Beam or Cock, is alſo OR 
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the retaining principal, and deviates more from right motions 
therefore the moving power being applied in a point near the 
Cock, loſes more of its force; and that which is more diſtant” 
from the centre or cock, partakes leſs of motion; beſides the 
nature of that motion comes nearer to right motion, and there- 
fore its force is leſs hindred to exerciſe its power, wherefore 
1 chat weight which is fartheſt diſtant from the Centre is eaſily 
1 moved, and although it be equal to the other weight weighing 
1 againſt it, and leſt diſtant from the centre, it will be moved 
more eaſier, which to make more plain he inſtitutes a geometri- 
cal Demonſtration in this manner: D 
Fig. 8. Let the Iron rod AB be the Ballance, the Beam or 
Cock A, about which, as about a Centre, the whole rod AB 
is moved; and let the weight be B which deſcendeth by force 
of its own weight, and deſcribes the arch BH; alſo let there be | 
another weight C, which while it deſcends by its own gravity is 
conſider d according to the diſpoſition of the Ballance, to de- 
ſcribe the arch CD, leſs than the arch B EH: Suppoſe the 
weight C to deſcend to the point D, and draw the line D E, 
which let be parallel to the line AB, Suppoſe the weight B to 
deſcend to the point E, ſince the natural motion of heavy things 
: is perpendicular, the lines F E, G D meaſure the natural mo- 
1 tion of the bodies or weights, or the motion which is accord- 
3» ing to their Nature; But the lines CG, FB meaſure the preter- 
3 £4 natural motion, to wit, by whoſe force they are retracted from 
vo their lines of Direction, or perpendicular lincs; but F is leſs than 
= CG; for if equal right lines fall perpendicularly on the Seme- di- 
| ameter of unequal Circles, that which is in the greater circle 
6 Cuts of the leſſer part becauſe the greareſt circle is lefs crooked: 
1 Therefore while thoſe two weights have an equal natural mo- 
9 tion, that which is fartheſt diſtant from the Centre hath leaſt of 
1 tlie preternatural motion, therefore the eaſier moved, and there- 
fore hath greater force to move the other, and conſequently 
= comes to E in a ſhorter time, than the weight C comes to D. 
2 Moreover he adds, becauſe the motion of weight is equal: 
WV in each, the motion which is according to nature is in ir ſelf 
* the ſame to preternaturalmotion, but it only then happens when. 
E in the ſame time that C comes to D, in the fame time alſo 
B comes to L; for then drawing the line I L perpendicular, it. 
will be as IL to I B, ſo DG to GC; in the Triangles A G D, 
ALI (by Prop. 4+ El. 6.) ſo is 1 L to A E as G D to AC; and as 
. + = i a * ; | 4 ; 4 . . . 
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AD or A C to AG or A K, ſo is A B to AT, therefore by divi- 
ſion, it will be as IL to IB, fo GD to G C: When therefore 


it happens only in the point L, that the propartion aforeſaid 
is kept while the point C comes to D, the point B will come 


to L, therefore B is moved more ſwiftly. Theſe are Ariſtotle's 


words, Quam igitur ob cauſam ab cadem potentia celerius fertur, id 
quod plus a centro diſtat, ex iis que ditla ſunt eſt manifeſtum. And 
Queſtion zd. he ſays, Quoniam autem ab æquali pondere celerius 
mowetur eorum, que a centro ſunt ; duo verd pondera quod mover, & 
quod movetur ; quod igitur motum pondus, ad movens lengitudo pati- 
tur ad longitudinem, ſemper autem quanto ab Hypomoclio diſtabit ma- 
gis tanto facilius movebit. EN 

Many things are wanting in this Demonſtration, Firſt, be- 
cauſe the weight B is more eaſily moved ; he concludes allo, 
that it hath greater force to move the oppoſite weight, but whe- 
ther he hath aſſigned the true cauſe, the comparing of the cauſe 
with the effect will thew ; which that we may conſider, we ſup- 
poſe the line A B to be double the diameter A C, therefore G C 
will not be double of the line F B, therefore will not the preter- 
natural mixt motion in the weight C, be double to the preter- 
natural mixt motion in the weight B, and therefore that cauſe 
is not moſt likely and true from whoſe Compariſon the propor- 
tion of the effect and cauſe is not ſhown : For it is certain, that 
the weight of r pound in the point B will be equivalent to the 
weight of z pound placed in the point C or T; Whence we 
deny this concluſion can follow from that antecedent, that the 


Weight which is fartheſt diſtant is eaſieſt moved, therefore if it 


be diſtant a double diſtance, it will obtain a force doubley great- 


er; and neither do Mathematicians deduce their concluſions 


after that manner; although while the diſtance increaſes the 
facility to motion ſhould increaſe, it doth not follow that ir 
increaſes in the ſame reaſon or proportion : And ſo we deny 
the facility to motion of the weight in B to be double, to the 
facility to motion which the weight hath in C; becauſe that 
contrary Which 1s mixt in C is not double to the contrary which 
is found in B. 

Secondly, Ariſtctle ſpeaks of the ſwiftneſs of Motion, and 
from the Swiftneſs he concludes to the Power moving, which 
we ſhall ſhew to be falſe. It is certain, that if two Weights 
ſhould be ſucceſſively in the point B, one of one pound, and 
the other of two; revertheleſs they will be equally or with 


equal 
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equal velocity moved downwards, if they are of the ſame mat- 
ter and figure, or if there be found ſome difference, it will not 


be in proportion to the weights; Wherefore although we 
ſhould grant the weight B to be moved with a velocity double 
to C, yet notwithſtanding the force of his reaſoning doth not 
conclude it to have greater force to move the other. 


Thirdly, what is faid in demonſtrating the weight B to be 
moved with a double velocity or ſwiftneſs ro C; he either un- 
derſtands while they are joined in the ſame ballance, or he 
underſtands it while they are ſeperate and in two ballances: 
If he means the firſt, there was no need of ſo much reaſoning, 
neither doth that preternatural mixt motion help any thing. 
But if theſe two weights are lookr upon as Seperate, or in 
divers ballances, that we may examine what force they have, 
it is falſs that that which is fartheſt diſtant, is moved with a 
double Swiftneſs. Ariſtotle knew not the doctrine of Pendulums, 
for the ſwinging of divers Pendulums are perform'd in equal 
time, to Wit, if in the ſame time that the weight B being left 
to its own nature comes to L, in the ſame time the weight C 
will come to D, alſo they abſolve each his quadrant in the 
ſame time ; Notwithſtanding if there be two pendulums C and 
B, and the Swinging of the weight B be longer than the ſwing- 


ing of the weight C, ſo that if the leſſer dure 2 minutes, the other 


weight B takes up almoſt 3 minutes in perfecting its vibration; 
Whence howſocver he explicates this Demonſtration, he wavers 
in all things, and is far from Mathematical conviction. More- 
over we will ſhew, that although the demonſtration have ſome 
force in that part of the Circle, yet it obtains none in others; 
for in the firſt place let the lines O H, Y K be equal, and draw 
the parallel lines K R, O P; It is certain, that OP is greater 
than K R, therefore if there be a weight in R and another in 
P, one deſcends in Y and the other in H, the preternatural 
motion will be more in the weight more remote, notwith- 
ſtanding in this caſe the weight which is at greater diſtance, 
Obtains greater force; therefore that which hath greater force, 
is not begat from the leſſer mixture of preternatural motion; 
which may better be pereeived in the points 3 and 8; for if 
the weight 3 move to 8, and the weight X to T; the lines V 
T, SZ meaſure the preternatural motion, and the lines VX, 
Z 3 the natural mation, and the weight X leaſt diſtant from the 
ccutre Or Beam, Will be more moved by the nn 
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AD or A C to AG or A K, ſo is A B to AT, therefore by divi- 
ſion, it will be as IL co 1B, ſo G D to GC: When therefore 
it happens only in the point L, that the propartion aforeſaid 
is kept while the point C comes to D, the point B will come 
to L, therefore B is moved more ſwiftly. Theſe are Ariftorle's 
words, Quam igitur ob cauſam ab cd dem potentia celerius fertur, id 
quod plus a centro diſtat, ex iis que ditta ſunt eſt manifeſtum. And 
Queſtion 3d. he ſays, Quoniam autem ab æquali pondere celerius 
moverur eorum, quæ a centro ſunt ; duo verd pondera quod movet, & 
quod movetur ; quod igitur motum pondus, ad mevens longitudo pati- 
tur ad longitudinem, ſemper autem quanto ab Hypomoclio diſtabit ma- 
gis tanto facilius movebit. | 

Many things are wanting in this Demonſtration, Firſt, be- 
cauſe the weight B is more eaſily moved; he concludes allo, 
that it hath greater force to move the oppoſite weight, but whe- 
ther he hath aſſigned the true cauſe, the comparing of the cauſe 
with the effect will ſhew ; which that we may conſider, we ſup- 
poſe the line A B to be double the diameter A C, therefore G C 
will not be double of the line F B, therefore will not the preter- 
natural mixt motion in the weight C. be double to the preter- 
natural mixt motion in the weight B, and therefore that cauſe 
is not moſt likely and true from whoſe Compariſon the propor- 
tion of the effect and cauſe is not ſhown : For it is certain, that 
the weight of 1 pound in the point B will be equivalent to the 
weight of 2 pound placed in the point Cor T; Whence we 
deny this concluſion can follow from that antecedent, that the 
weight which is fartheſt diſtant is eaſieſt moved, therefore if it 
be diſtant a double diſtance, it will obtain a force doubley great- 
er; and neither do Mathematicians deduce their concluſions 
after that manner; although while the diſtance increaſes the 
facility to motion ſhould increaſe, it doth not follow that it 
increaſes in the ſame reaſon or proportion: And ſo we deny 
the facility to motion of the weight in B to be double, to the 
facility to motion which the weight hath in C; becauſe that 
contrary which is mixt in C is not double to the contrary which 
is found in B. | 

Secondly, Ariſtotle ſpeaks of the ſwiftneſs of Motion, and 
from the Swiftneſs he concludes to the Power moving, which 
we ſhall ſhew to be falſe. Ir is certain, that if two Weights 
ſhould be ſucceſſively in the point B, one of one pound, and 
the other of two; revertheleſs they will be equally or with 


equal 
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equal velocity moved downwards, if they are of the ſame mat- 

ter and figure, or if there be found ſome difference, it will not 

be in proportion to the weights; Wherefore although we 

ſhould grant the weight B to be moved with a velocity double 

to C, yet notwithſtanding the force of his reaſoning doth not 
conclude it to have greater force to move the other. 

Thirdly, what is ſaid in demonſtrating the weight B to be 
moved with a double velocity or ſwiftneſs to C; he either un- 
Mp derſtands while they are joined in the ſame ballance, or he 
 =_' underſtands it while they are ſeperate and in two ballances: 

= If he means the firſt, there was no need of ſo much reaſoning, 

neither doth that preternatural mixt motion help any thing. 
But if theſe two weights are lookt upon as Seperate, or in 
divers ballances, that we may examine what force they have, 
it is falſs that that which is fartheſt diſtant, is moved with a 
double Swiftneſs. Ariſtotle knew not the doctrine of Pendulums, 
for the ſwinging of divers Pendulums are perform'd in equal 
time, to wit, if in the ſame time that the weight B being left 
to its own nature comes to L, in the ſame time the weight C 
will come to D, alſo they abſolve each his quadrant in the 
ſame time; Notwithſtanding if there be two pendulums C and 
B, and the Swinging of the weight B be longer than the ſwing- 
ing of the weight C, ſo that if the leſſer dure 2 minutes, the other 
weight B takes up almoſt 3 minutes in perfecting its vibration; 
Whence howſocver he explicates this Demonſtration, he wavers 
in all things, and is far from Mathematical conviction. More- 
over we will ſhew, that although the demonſtration have ſome 
force in that part of the Circle, yet it obtains none in others; 
for in the firſt place let the lines O H, Y K be equal, and draw 
the parallel lines K R, OP; It is certain, that OP 1s greater 
than K R, therefore if there be a weight in R and another in 
Pp, one deſcendsin Y and the other in H, the preternatural 
motion will be more in the weight more remote, notwith- 
ſtanding in this caſe the weight which is at greater diſtance, 
Obtains greater force; therefore that which hath greater force, 
is not begat from the leſſer mixture of preternatural motion; 
which may better be perceived in the points 3 and 8; for if 
the weight 3. move to 8, and the weight X to T; the lines V 
T, SZ meaſure the preternatural motion, and the lines VX, 
Z 3 the natural motion, and the weight X leaſt diitant from the 
ccutre Or Beam, Will be more moved by the natulal motion * 
1 | | | C "7 $ | the 
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the weight 3, and therefore eaſier, whence it obtains greater 
force. | | 

Whoſo diligently conſiders the parts of each quadrant, will 
find this mixture of contrary or preternatural motion to be 
leſs in the leſſer circle than in the greater; and the reaſon is, 
becauſe although towards the Diameter A B the greater Circle 
comes nearer to a vertical line, yet towards the diameter R H 
it comes nearer to an horizontal line; and ſo much for the firſt 
part of this Propoſition. 

Fig. 9. That which belongs to the fecond part of the fame 
Propoſition, to wit, although we grant that, which Ariſtotle 
aſſigns for the true cauſe, why in the ballance the weight moſt 
diſtant from the centre hath greateſt force, to wit, that it hath 
leſs of the contrary or preternatural motion, yet notwithſtand- 
ing we do not find the reafon to be the ſame for the Leaver. 
For the power A, may move Circularly, {o that it have nothing, 
of Preternatural motion, fince the power of an Animal is in- 
different to any different place; therefore fince it hath no pre- 
ternatural motion admixt, the force of the greater Circle doth 
not move eaſier than the leſſer, which notwithftanding is con- 
trary to all experience. 5 


Secondly, that kind of Leaver only in which the Prop or 


Hypomoclion is found between the Power and the Veigbt, may 
> Sad to the Ballance, but the other kinds not 
properly. 

Thirdly there are divers Machines or Eugins which are difh- 
cult to reduce to the Leaver, and by that means to the Ballance; 
and firſt for the Wedge, We ask whether there be a Prep or 
Hypomoclion, and to what kind of Leaver it is reduced? What 
Circle is deſcribed from it? What is its preternatural motion? 
What its natural motion? Surely there is in the Wedge the im- 
preſſion of the weights reſiſtance to be exerciſed in the parts in 
which the body touches, as in K R; We ask in what point is 
the Prop 2 Where the length of the Leaver, Which if it be in- 
creaſed according to the common rules of the Leader the Vir- 
tue of the Power will be increaſt? If tis ſaid the point of it 
is the Prop, we will ſnew tis not, becauſe if the point of the 


Hedge ſhould be cut off, yet nevertheleſs the Vedge would have 


its whole force; If tis ſaid the line KL is the length of the 


Leaver, tis falſs, becauſe although that length be cut ſhorter, yet 


notwithſtanding the virtue of dividing is not deminiſht which is 
in 
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in the Wedge, therefore which way ſoever you turn the Wedge 
oF you fr ob reduce it to the Leaver. 
-Þ Fourthly, Much leſs do we own the compariſon of the Lea- 
1 ver in Screws, which may rather be reduced to the Wedge; 
for if you own the Axis of the Cylinder, about which the 
{crew or ſpire is circumvolved to be the Hypomoclion. The di- 
| ſtance of the Spires or Screws from that Axis, will be the diſtance 
of the weight from the Hypomoclion, according to which di- 
ſtance the reſiſting power of the Weight is meaſured, whence it 
follows in the Screw, the Cylinder that is leſs than the other 
pairs, more eaſily overcomes the reſiſtance of Weight, which 
-—"_ nevertheleſs is falſe: For neither is this the meaſure of the re- 
= ſiſtance of the Weight, or the virtue exiſting in the Screw, but 
4 ought to be deduced from other principles, ro wit, from the 
= | compreſſion of the Spires, for when the Spires or Helices 
oF are more thick or cloſer together, the ſtronger and more pow- 
; erful are the Screws; Therefore we mult ſeek another princi- 
ple of Machines or Engins more clear and eaſie, which being 
once conſtituted, the power of every Machine or Engine well 


be unfolded, and the proportion of it to the reſiſting force of 
the Weight will be detected. g 
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PROPOS. III. 


Archimedes reaſon Examined. 


Rehimedes in his ſixth Propoſition, eAquiponderan- 
tium, and many others after him, have attempted 
to eſtabliſh as the chief principle of Machines or Engins, that in 


Fig. 10. 


6 | the Ballance, if the weights and their diſtance from the Centre- 
# be reciprocal, they conſiſt and counterpoife each other. : 
= In the firſt place, we referr this to be ſettled by the reverend 


Father Leotanudus, and what power his demonſtration may ob- 

tain; ſuppoſe A B to be a Rod of a like weight in every part, 

and divided in the middle in C, and underſtand C to be the. 

Centre of Gravity, and CD to be drawn through perpendi- 

cular to it; by the point D draw an iron rod D E, which let ' 

be ſo alike for weight-as to * it wanting all weight, 4 1 
2 | | et | 
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Jet DE be greater than the half of C B, and make GD equal 
ro-E B, and H K equal to the line A H; when the lines CI and 
IB (equal to HC) are added, H I and C B will be equal, and 
ſo H I. will be equal to the half CB, and the remains A H, 
B together are equal to the other half; and becauſe AH, 
HK are equal, being taken from the two equal aggregates. 
HK, KI, AH, IB, the lines K I, IB will be equal. Let two 
Threds or Lines H G, I E hang up the rod A B, and. faſten ir. 
to the rod G E in the point D, which anſwers the Centre of. 
gravity C, the line from whence tis hung up being perpendi-. 
cular with the line D C, anſwers to the Centre of gravity C; 
A B will remain equally poiſed, or in Equilibrio. 
The Demonſtraticn, Let the Rod A B be really divided in the 
point K, that is, ſeperate the Union, or cut it in two. Firſt, 
imce A H, H K are equal, neither will. preponderate or our. 
weigh the other; moreover ſince KI, ILB are equal, neither. 
will prevail, wherefore as yet they will remain in Equilibrio ;. 
therefore the whole line will remain in the. ſame manner as be- 
fore, being. hung by the ſame point D, therefore as yet the 
whole line will be in Equilibrio : But ſo is the diſtance H C of, 
the weight A K from the Centre, to CI the diſtance of the 
leſſer weight K B from the ſame. Centre, as the weight K B to 
the weight A K; for ſo is A K to K B, as its half HK or CI. 
is to K I, or H C its equal; therefore we have this in Equili- 
brio while the whole weight A K is to the weight K B, as the 
diſtance I C to the diſtance. H C reciprocally, which was to be 


demonſtrated; + 
We will confider hereafter whether this Demonſtration con- 


vinces, and aſſumes nothing as now proved, which notwithſtand- 
ing ſhould be demonſtrated. * 1 

Fig. 14. Archimedes a little afterendeavours-to-prove this ſome- 
what otherwife, and he ſuppoſes the Iron Rod to be A B, and; 
hie ſubſtracts from its gravity that which is hung in the middle 


4 


ual diſtances, tis clear that they are in Equilibrio, he ſup | 
eth alſo that all theſe. weights are alike, and. equidiſtant be- 
tween themſelves: Alſo he ſuppoſes any weights to gravitate 
and operate in the ſame. manner, as long as they retain the 
ſame common centre of gravity. - £ | . 
The Demonſtration is clear, in caſe the weights be diſtribu- 
byred according to the diſpoſition unfolded, before which com- 
| mon- 


point &; he hangs 6 equal weights, here 3 and there 3 at e- 
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mon centre of gravity of all the weights together will be in G; 
but if you conſider 4 weights BCD E whoſe centre of gravi- 
ty will be in the point I, ard the centre of gravity of the 
weight FL is in H; wherefore the weights will gravitate in 
the ſame manner, hovwſoever they are diſpoſed, they keep in a 
manner their centre of gravity in the fame point H ; therefore 
conjoin the weights F and.L in the point H, and conjoin the 
4 weights BC DE in the point I, or ſo about the point I, that. 
their centre of gravity. may be. the point I. 


Fig. 11. All theſe weights will gravitate in the ſame man- 
ner in this diſpoſition, as in the former; But in the former 
they were in Equilibro, therefore in this ſecond difpoſition they 
will be in Equilibro: But in the f{ccond. caſe, ſo is the weight. 
BCD E to the weight FL, as the diſtance G H to the diſtance 
G therefore it will be in Equilibro, when as weight is to. 
weight, ſo is diſtance to diſtance reciprocally. 


Theſe Demonſtrations are ingenions, but they do but ſup-- 
poſe thoſe things to be the principles of Zngins which is fought: - 
For firſt of all in both Demonſtrations he mentions the centre 
of gravity, but it is not known what that centre is, and this: 
centre of gravity can hardly be proved, unlefs there be conſti- 
rated a common principle of gef. In the firſt, although it 


ſeems clear enough that the diviſion being made in the point K, 


the lines AK, K B he in a direct line, becauſe that both parts 


AH, HK and KI, IB are equal; Notwichſtanding it doth not 
appear to me that they ponderate in the ſame manner, the di- 
viſion being made as before: For the part CK before the divi-- 
ſion, exerciſed its gravity with the other part K B, and as I 
may ſay, was ſtaid by its parts: But the Union being looſed, it 
exerciſes now its own gravitation, together with the other part · 
AC; Whence although it were before in Equilibrio, it follows. 
not that it being ſeperated the Equilibrium remains. | 

I fay the ſame of Archimede's demonſtration, for cannot grant: 
that weights have the ſame manner of gravitations they ſhould- 
have among themſelves, and the ſame gravitation they ſhould: 
have reſpectively. to another weight, ſo often as they change 
not the proper centre of gravity : If in one caſe, one of them 
will be found on one part of the centre, and in the other it will 
decline to the other part; that is, tis doubted® Whether the- 


weight E tranſported in I being united with other: weights BC. 


k 
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| | | D in the ſame point I, hath the ſame force, and not greater, or 


bill leſſer. 
| And thar we may ſhew the Principle ſought, the definition 
of the Centre of gravity is commonly thus given, to wit, 'tis 
1 the point dividing the heavy body in two parts of equal mo- 
ments, but moment is not ſimply the weight of body, but 
grows together from the weight and diſtance, therefore to the 
underſtanding of the Centre of gravity the conſtituted principle 
is ſuppoſed, whoſe reaſon we ſeek; viz, Why weights by rea- 
1 ſon of their greater diſtance from the centre have alſo greater 
1 force to move. | aha 
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— 


[| 5 PROPOS; 3x 
| The true Reaſon of increaſing power by Engins. 


Fig. 12. One will require of us a ſtrict demonſtration here, 

becauſe we are buſied in phiſick matter, and we 
inquire the principal of natural and ſenſible motion, which per- 
haps will not preſently occur; one thing I muſt ſay, that al- 
though I do not effect the thing, yet by removing things out © 
of the way, I ſhall open a door to let into it; therefore I ſhall 1 
attempt many methods, that ſo if one arrive not at it, I may of 
make way for another: Firſt, in the ballance I will endeavour 


to ſettle that common maxim, while the weights and diſtances Mi 
from the Centre are reciprocal it is in Equilibro; As if in the i: | 
ballance A B the weight A of two pound is to the weight 4 


B of one pound, as the diſtance CB of two feet to the diſtance 
AC of one foot. If from a piece of timber, you hang a bal- 
lance from the point C, to be in Equilibrio, ſo that you remove 
it ſo far from the Centre to anſwer the addition that ſhould 
be made to the weight, that is, if the weight of one pound 
hang in the point D, and in A a weight of 2 pound, to make 
them in Equilibro the ſame weight ſhould be added, and in 
ſtead of the ſame weight you may add the ſame diſtance, or ſo 
re. nove it from the Centre that C B be double ro CD; Thus a 
weight of 1 poundbeing placed in B, it will be again in Equilibra, 
experience ſhews this, but the reaſon is to be ſought, 


— — 
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Firſt, I ſuppoſe any heavy body to reſiſt a motion upward. 
and the greater it is, the greater motion it will reſiſt; fo that 
a greater violence or force 15 required ro move upwards 4 
weight of 1 pound the ſpace of two feet, than to raiſe the ſame 
weight but one foot high, or at leaſt it requires a force to be 


applied of a longer continuance of time. 
Secondly, I ſuppoſe while the weight is moved downward, 


„ the weight on che other part of it may move ſomewhat up- 
ward, 10 that it may overcome the reſiftance which the oppo- | 
FE £fite weight hath to motion upward ; alſo while a weight is | 
1 5 moved more down or lower, it produces a greater Impetus, to- | 
gether with that motion which would have bin if the motion | 


had bin leſs; this laſt part of the ſuppoſition ſeems hard, there- 
fore I ſhall explain it more largly. 
1 I Suppoſe thirdly ſome productive cauſe of motion to be 
* given, diſtin& for the moſt part from the principal agent to 
which motion is aſcribed, as in things projected or caſt from one, 
I think in good Philoſophy it can ſcarcely be denied, ſuch like 
cauſe beſides motion which is ſucceſlive, and no part whereof 
exiſts with the other, and therefore the other cannot be the < 
cauſe, for every effective cauſe acteth not but when it exiſts ; 
Therefore while its action exiſts, it ſelf alſo exiſts, and while 
its action exiſts the effect exiſts by ſuch action produced: There- 
fore while any effect is produced and exiſts, its cauſe exiſts, but 
while one part of motion exiſts, another part exiſteth not, there- 
fore one part of motion cannot be produced from another, and 
therefore another cauſe of motion ought to be admitted, but 
this cauſe is not the principal agent to which motion is 
attributed, for firſt in things projected, the hand which throws 
the ſtone is not any more join d with the ſtone in conveying, 
it through the air, and therefore produces nothing further, 
neither can that be attributed to air that ſome do, to wit, that 
the hand while it Impels the Stone, impels likewiſe the conti- 
guous air, and that air other air, untill it make a Circulation, 
and this laſt air carries: the Stone farther; but on the contrary, 
in the ſame preciſe Moment and time wherein the Stone joined 
to the hand moves the air Juſt before it, ( fince Penetration is 
not granted) in the ſame time alſo this air moves the follow- 
ing air, and ſo conſequently makes the whole Circulation at 
the ſame preciſe time, and there is found only the priority of 
dependence: Suppoſe the motion of the Stone to be from the 
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point A to B, and in the ſame preciſe time it makes the whole 


Circulation, and the air which was in E follows in P, neither 
hath it greater force to farther motion than it hath from the 


stone; from the following time I ask whether the motion of 


the air F depends on the motion of the Stone, or the motion 
of the Stone on the motion of the air, if you ſay the firſt, 1 
demand again from whence the Stone is moved, if the ſecond, 
I ask from whence the air is moved, for the paſt motion of 
the ſtone cannot be the cauſe of motion of the preſent air, 
therefore it is neceſſary to fay ſomething is added to the Stone 
from whence it is carried through the air, and this I call Ynpetus, 
or force, whatſoever it be. 5 

Moreover I will ſhew, Impetus being granted, viz. While 
a body deſcends it ſeems to me a reaſon to be alledged, why 


in the firſt ſpace of time the body deſcends one foot, in the 


ſecond three, in the third five, in the fourth ſeven, and fo on, 
unleſs the continual production of ſome inpetus be admitted, 
which is the immediate productive cauſe of motion, which 
Impetus is permanent and may be increaſed. 


Alſo it follows, that a ſecond Impetus is not produced, un- 


leſs the firſt hath and produces ſome motion, let two weights 


be ſuſpended in the air, each produces ſome Imperus in it elf, 
and alſo in the body which they hang on, ler one weight be 


moved by the ſpace of three inſtantes, or moments, ſo that 
after that third inſtant it hath an Impetus as three, let down 
the ſecond weight in the begining of the fourth Inſtant, where- 
fore it hath not the Inpetus as three as the other weight; be- 
cauſe ( you'l ſay) it remains unmoved, and the other is mov- 
ed: therefore motion is the condition to the producing a 
farther Impetus, at leaft ſuch motion whoſe Imperus is aceord- 
ing to nature. N 

Which I ſhall likewiſe make good from other experiments: 
Firſt, why while I drive a nail with a hammer of a longer 
handle I produce a ſtronger blow, or ſtroak, in like manner; 
if I lift the arm and the hammer higher, ſo that it deſcribes a 
greater circle, the ſtroak is made more valid and ſtrong; no 
other reaſon can be given, but that by the greater motion 
( whether as the condition, or as the cauſe, it matters not) a 
ſtronger Impetus is produced, ſo that the power unleſs it be 
moved, never produces in the begining of irs motion ſuch 


Inpetus in the nail, how great ſoever the endeavour be, as it 


produces 


27% 


nh 
— 


76 and - * 83 e. LIT 7 3 - ® 3 p * J F x) - 1 an, — * 1 l 4 
e e * A * . | n * - F . f c 
9 N 1 1 ET. * 8 "NT < 4 a D * 2 . G 6 _— » 6. G L £ 
3 Ne Og * a S + lb Y l = 2 > 7 Ne L + 3 3 * 3 
wor . 1 * _ ! — 1538 5 _ * - 2 = Fa « * * 
q 4 _— 
s * > 8 — j 
_ . $4 Ve . * = 
PS 4 - 5 - — * 8 < = % HG k SÞ 8 2 "© 
i Set E ©. . , F G — | 8 4 Can er . Sb, abs L 4 
* a 2 ©" 2 To A 0 A ao * FF | "Nl } na : Dy 2 0 N . 3 1 8 $1 FR _— — (>. - of 
, 4 — e ane — ow. mn ö . 7 REN 3 : 
* 81 2 = * * 62 * N < =». — 5 6 5 — . . 8 n a _ 
* by Y p a * k * * - C LY > 1 4 S 8 * 
F * * na 1 ; 


Book I. Mechanic Powers. 17 
produces while jit hath ſome motion; ſo that if 1o men preſs 
with their weight upon a nail it doth not enter the wood fo 
well, as if it be drove with an hammer by one man. 

While any one runs a pace, if his feer be ſtopt he cannot 
chuſe bur fall; and ſo a horſe on full ſpeed can ſcarce be held 
in, whence they lift up their fore feer, as ir were a contrary 
motion to aſwage every concieved Impetus; While a boat is 
carried with a great Impetus, and is ſuddenly ſtopt at the ſhoar, 
all that are in the boat are moved, becauſe now the concieved 
Impetus is conveyed farther they bend forward being ſtopt. 

And 1 ſhall ſhew that a weight of one pound pa a little 
farther from the Centre than another weight of one pound, 
will raiſe it up; ſuppoſe two weights equal each to one pound, 
ſo placed in a ballance that one is double the diſtance of the 
other from the Centre; whence I thus argue. 

The weight of 1 pound while it moves downward 2 feet, 
may over come the reſiſtance which a weight of one pound 
hath to motion upwards one foot: therefore if they are ſo fit- 
ted in the ballance, that while one is depreſſed 2 feet, the o- 
ther is only raiſed 1 foot, it raiſes that upward ; The antece- 
dent is proved, while the weight of one pound is moved 
downwards 2 feet, its active force or Impetus which it puts 
forth together with ſuch motion, is preciſely equal to that 
reſiſtance which the oppoſite and equal weight hath to motion 


_ upwards two feet, but the reſiſtance to motion upwards one 
foor is leſs than ro motion upwards two feet; therefore 


while one pound weight is moved downwards 2 feet, the o- 
ther pound weight may be moved upward one foot; But when 
two. equal weights are ſo placed in a ballance, that one is 
doubly diſtant from the Centre to the other, it alſo effects a 
double ſpace to that which its oppoſite effects; therefore we have 
one reaſon now, why between equal weights that which * 
theſt diſtant from the Centre is depreſſed, and raiſes up its 
oppoſite weight, which may be alſo proved in this manner; 
when two unequal weights are equally diſtant from the Cen- 
tre the greater raiſes the leſſer, becauſe the parts of motion 
downwards are more than thoſe upwards, and in like manner 
when equal weights are ſo placed in a ballance, that one is 
farcher diſtant from the Centre than t' other, the parts of moti- 
on downwards will be more in one than the parts of motion 

| D | up- 
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upwards, are in the other (or its oppoſite) therefore the x 
weight which is fartheſt diftant from the Centre will raiſe the 7 
other oppoſite being equal to its ſelf. 1 
The motion upwards of heavy things is againſt nature, and = 
the violent motion of them downwards is agreeable to nature ; " 
but how much that is which is againſt nature, ſo much is the 3 
reſiſtance to that; and how much that is which is agreeable to 
nature, ſo much is its inclination and active force to overcome E 
the oppoſite reſiſtance ; therefore where there is a greater moti- 4 
on dovenwards than the motion upwards, the active force of W 
reſiſting will overcome. | | = 
The ſecond reafon is; a greater Impetus is required to move XK 
the ſame weight a greater ſpace than a lefs, whether the whole x 
impetus be produced together, as happens in things projected 
or thrown ; or ſucceſſively, as when a weight is drawn. 7 
Alſo a greater Impetus is required to move a greater weight 1 
ſome ſpace, than to move a lets weight the ſame ſpace; whence I 
thus argue, an Typetus which is required to move a weight of two 
pound one foot, is double to the Imperus which is required to /# 
mov& one pound one foot; But the Imfetus which is required x 
to move one pound, two feet, is in like manner double to that 1 
which is required to move one pound one foot; therefore the Bu- 1 
perus v hichis required to move two pounds one foot, is equal to "= 
the Iinpetus neceſſary to move one pound two feet, for thoſe ſame 1 
things which are doubled are equal among themſelves: But E 
when two weights are fo placed in a ballance that the weight 3 
of two pound is diſtant from the centre one foot, ard the 
weight of 1 pound is diſtant two feet; while the weight of 
1 pound is moved downwards two feet, the weight of. two 
pound is etevarted one foot; and one pound weight as moving 
downwards two feet is in Equilibrio with one pound moving 
upwards two feet: Therefore one pound moving 2 feet, will 
be in Equilibrio with 2 pound moving upward 1 foot. 

And that we may render the fame reaſon more univerſal, 
and that we may apply it not only to weights and ballances, 
but that we may extend it to all Engins in general: Suppoſe as 
before, by how much more the power is that is moved, by ſo 
much the greater and ſtronger is the Impetus produced; there- 

fore if a power while it is moved 1 foot can move 100 pound. 
1 foot; while the ſame power is moved two feet it will move. 
200 
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200 pound 1 foot; to clear which point, ſuppoſe for explica- 
tion fake a certain opinion rejected by moſt Philoſephers, to wit, 
that time increaſes or grows from indiviſible Inſtants ſucceed- 
ing each other; ſuppoſe likewiſe that which neceſſarily follows 
from ſuch an opinion, to wit, the ſlownefs of motion is poſited 
in more or leſs little Staies of reſt, which opinion I do not pro- 
poſe that in ir I may found my reaſon, but only that I may 
ſhun that confuſion which the common ſentence begets, con- 
cerning the continued compoſition from parts infinitely di- 
viſible ; for when they treat of this infinity, tis no wonder if 
they mix obſcurity and darkneſs together; Therefore ſuppoſe 
a power which while it is moved one point may move 100 
pound one point, and being fitted in an Engin fo that while the 
power is moved two points, the weight is moved only one point. 

In ſuch a ſuppoſition, the power will be moved the ſpace of 
one point, the weight all the while no ways reſiſting ſuch a 
motion, becauſe the weight as yet is at reſt, but when the 
power is moved to the ſecond point, it hath. a double Imperus, 
wiz. the Tmpetus produced in the mean time while it is moved 
through thoſe two points, but a double Impetus moves a double 
weight; therefore the power which is moved two points will 
move a double weight one point, if ir be ſo fitted in an Engin 
that neceſſarily its motion ought to be double to that which 
follows in the weight. 

And although this opinion Concerning continuals ſhouldnot 
be true, and the power ſhould never be moved but the weight 
ſhould be moved although ſlowly ; nevertheleſs ſince a power 
exerts a greater Impetus when it is moſt moved; as often as the 
motion is greater in it than in the weight, ſo often the Pu- 
petus will be greater in it, than if it had bin moved <qually 
with the weight; bur a greater Imperus can overcome a greater 
weight, therefore a greater motion of a power compared 
with a leſſer motion of a weight can alſo overcome a greater 
weight. | LEE PEE 

To make it clearer, Suppoſe, to move a weight of roo 
pound one foot, an Impetus be required as 4 which the 
power A may produce, and as I may ſo fay, to lift it up while 
it is moved one foot; there will be required to move a weight 
of 200 pound one foot, an Impetus as 8, but an Impetus as 8 is pro- 
duced from a power if it be moved 2 feet; For more Impetus ĩs 
produced from a power while tis moved two feet than while 

| D 2 | tis 
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"tis moved one foot, therefore that principle remains, viz. 


The Power as moved 2 feet effects the fame, as two powers: 


which are moved only 1 foot; and we muſt not think Inpetus 


to be ſo fluent of nature, as not to maintain and as it were 


heap together, that is, if the power be moved for fome time 


it ſhould not increaſe, alſo irs intenſive Impetus is not reſiſted 


by ſuch Impetus; in like manner, a weight is not ſuppoſed ſo 


to reſiſt a leſſer motion, as a greater; whence if a power be 


ſo compared with a weight, that while it is moved 1 foot the 


weight is neceſſarily moved the fame, and the reſiſtance of the 


weight is greater as moving one foot than the Impetus which 
is produced from the power being moved 1 foot, no motion 
follows; bur if an Eg: thus diſtributes the ſame Imperus, that 
the whole be Imployed in moving the ſame weight half a foot 
it will make ſome motion. 


Nevertheleſs becauſe this thing is of ſo great moment, and 
contains the moſt univerſal. Principle in nature, therefore *tis . 


worth our while to proſecute the thing a little farther, and to 
apply it in every part that it may appear more plainly. 


I ſuppoſe firſt, that tis equivalently the ſame thing to apply 
a motive power as one, ſucceſſively to move a body, ſuppoſe the 


ſpace of 5 feet, ſo that it move in the firſt time the ſpace of 
1 foot, moreover the ſame power moveth in ihe ſecond time 


by another, and ſo on, and to apply five moving powers 


Succeſſively as one; of which, to wit, the firſt moves in the firſt 
time 1 foot, the ſecond in the ſecond time following, the 


third by the third, and fo on; for the movipg power as one 


if it be applied to the ſecond time, may as well move a- 
nother alſo like it ſelf, therefore the ſame will be Equivalent 
whether the ſame motion continue, or another like to ir be 
Subſtituted. | TY 

Secondly I ſuppoſe to move or ſuſtain a body, to be the 
fame, as to apply five powers each of which is a power as 1, 
and to apply i ſo that it may be a power as 5, as if in one 
ballance you put a body of Gold of one foot, the fame will 
out weigh 5 bodies of each 1 foot of another matter, which 
is five times. lighter than Gold, for neither, hath the moving 
virtue in it. ſelf, as the firſt quality; for if 5 heats or warm 
things are put as 1, they can never be produced in che Subject 
but as one heat: But and if > Powers are ſufficient to move 


each of them a weight of 10 pound, If they are joyn'd and 


CONCUT 
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concur together they will overcome or move a weight of 
209 pounds; This rule is common in all Equivocal Agents, 
ſo if the powers of two candles in ſome determinate place, 
each of them produces x degree of light acting together in the 
{fame place they produce a greater degree of light; ſo while the. 
Sun in an Eclipſe is hid in ſome parts, the light Shineth more. 
weakly, therefore in theſe caſes extenſion begets intenſion, or 
is equivalent to it. p 
Suppoſe two men move unequally, to wit, with a double 
velocity one to the other ; what is in one that is not in the 
other; And firſt it is Certain that the morion of the one is 
always double to the other, ſo that while one is moved one 
foot, the other only moves half a foot; and while the firſt 
pail-s over half a foot, the other paſſes over a. quarter of a 
foot; and in whatſoever time aſſignable, the parts of motion 
in the one are more than in the other, whence tis certain in 
the ſecond place, if the motion of the power confers to this 
that it move the oppoſite weight, while the power hath greater 


motion ir produces a greater A N in the oppoſite weight, 
from whence the argument may be formed... 

1 A power advances its force by motion, therefore while tis 
i moved with a double velocity, tis equivalent to a double force, 
4 but a double virtue or force can move a weight doubly greater, 


or as great again, therefore a power moved with a double ve- 
locity can move a weight doubly greater; the firſt Antecedent 
1 is certain, for a power however it be applied will. not move 
1 unleſs it be moved, whether its motion be the condition to this 
"XZ that moves, or whether the motion ir ſelf be the immediate 
cauſe of motion,it matters not ; neither is there need to examin - 
theſe things, ſince divers explications ariſe from divers phiſical 
principles: For ſome acknowledge no motion which takes 
not its riſe from Impetus or force, and conſequently to produce 


=_ a greater motion in a power, they require a more ſtronger : n. 
perus; therefore if a power be moved with a velocity double : 
8. to the weight, it produces an Impetus doubly ſtronger to that 
L which it would have had if it had bin moved equally with the 
Wi weight: But if it be moved. equally with the weight, the Im- - 
= petus which is produced in it ſelf ſhould be ſufficient to move 


100 pound ſuch a ſpace; therefore if it be moved with a 

double velocity it will move 200 pound the ſame ſpace; being 

explained, we'll Suppoſe a free Power to impel lightly . lome - 
| weight. 
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weight, ſo that by the force of its imprellion it is not moved, 
it .will uſe a greater endeavour and at length moves it. I ask 
what makes that greater endeavour unleſs a more ſtronger In 
petas be produced ( ſuppoling always that ſuch Impetus is grant- 
ed) but if the power it ſclt be moved more Iwiftly, it pro- 
duces a greater Impetus : Therefore by the greater motion of a 
power is adhibited that which is neceſſary, that a weight may 
be moved doubly greater (or as great again) each part is 
proved, to wit, while any body is moved more ſwiftly a 
ſtronger Impetus is produced; or the intenſe motion bein; 
Secluded what way ſoever from Hupetus, the ſucceſſion of fo 
much local motion is agreeable with intention ; For the velocity 
of motion is ſome perte&ion which cannot be explicated, be- 
Cauſe of the ſucceſſion of motion, and the infinite diviftbility 
of time. Notwithſtanding in each opinion, velocity or Swift- 
neſs is ſaid to be ſome perfection of motion: For ſuppoſe in 
Fig. 14 ſome motion in Angles, in as much as ſome think them 
indivithble, let AB CD a potent angle in one inſtant alſo 
indivitlible be ſo moved, that leaving the former ſpace ABC D 
it poſſeſſes the next following CDE E, Suppoſe another angle 
or as ſome call it, a Phyſical point GHKI be ſo moved; in 
the ſame indiviſſible inſtant, that leaving the former-ſpace G H 
Kl it poſſeſſes the ſpace LMO N, Surely the former motion is 
a more perfect motion than the ſecond, and therefore if there 
be required an Pupetus to motion, there is required a more 
ſtronger to effect the firſt motion than the ſecond : But if no 
Impetus be required, but immediately motion be produced 
from the power, there is required a far ſtronger endeavour to 
obtain the former than the latter ; Wherefore to conclude the 
greater endeavour ofPower moveth a greater weight than a leſſer 
but a greater endeavour of power is advanced while 'tis moved 
ſwiftly than while ſlowly, therefore while a power is moved 
Twiftly, it alſo moves a greater weight. 

Allo the firſt conſequent is plain, to wit, (while a power 
is moved with a double velocity 'tis equivalent to a double 
power ) for ſure it is, while any power adhibits or uſes an en- 
deavour doubly greater, tis equivalent to two powers each ad- 
hibitting or uſing an endeavour doubly leſſer. So one horſe if 
he endeavours much, may draw a determined weight, which 

he may draw twice as eaſy, and without ſo great endeavour,if 
another horſe be joined with him to aſſiſt, Wherefore if it be 


moved 
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moved more {ſwiftly it will be equivalent in order to move a 
weight of a greater force, although ſomtimes the weight doth 
not increaſe its motion; for if the motion of the power be in- 
creaſed,the motion of the weight is equally increaſt. A power 
moved more ſwift will indeed be equivalent to a greater, bur 
all that perfection which happens to it from motion relates to 
the making the motion of the weight greater, for a weight of 
a greater motion reſiſteth more, therefore in motion theſe two 
are always taken for the fame, to wit, to move a greater 
weight to a leſs ſpace, and a leſs weight to a greater ſpace; 
for as to move a greater weight a greater endeavour is required, 
ſo to move a weight to a greater ſpace, a greater endeavour is 
alſo required, The whole artifice of Engins then conſiſts in 
comparing the greater motion of the Power with the leſſer 
motion of the weight, and according to the proportion of ex- 
ceſs the Force of the Powers are increaſt ; becauſe powers in- 
creaſe not their force but by motion, and therefore motion. 
doubly ſwifter, produces Dpetus doubly greater. 


— 


PROPOS. V. 


Moveable bodies are equal in force whoſe Magntudes 


and Velucities are reciprocal. 


I is certain, that the ſame body moved with unequal ſwift-- 

. neſs, will have unequal force; allo a greater body moved 
with the ſame ſwiftneſs as a leſſer, will have greater force; and 
we fee likewiſe in Engins that weights may be ſo diſpoſed 
from one place to another, that the motion which is made from 
one hath the ſame proportion to the motion of another; and: 
alſo that weight to weight is made reciprocally in Equilibro, 
ſo that the double celerity or ſwiftneſs ot one pound, will be 
equivalent to the Subduple celerity of two pounds; We may 
allo transfer the ſame principle ro other moveable bodies, al-- 
though they are at liberty, that is not being diſpoſed in any. 
Engin: For it hath not lefs force when it is free and looſed 
from Machines or Engines than when it is fafined to ſome. Body, 


— 
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but 1 pound with the velocity as 2. is equivalent to 2 pounds 
having the velocity as one: Therefore alſo without an Engin, a 
moveable body as 1 with a velocity as 2, will effect the fame as 
a moveable body as two with a velocity as 1. The reaſon is, 
becauſe the motion or degree of velocity is the ſame in both, in 
a greater body they are fewer in each part; in a leſſer more. 
Neither is there any other reaſon, why while they are joined 
in Engins they are of equal force, and one extenſion compenſates 
another, and without an E7gin the fame will not happen. 

Wherfore the moments or forces of equal bodies, or the 
parts moved are to one another, as their velocities ; and equal 
velocity, as the magnitude of bodies; for commonly, moment 
and force, and parts moved, figoifie the ſame, except ſometimes 
moment likewiſe is attributed to bodies at reſt, which have 
notwithitanding an aptitude to motion, wherefore what we 
ſhall ſay concerning moments may be ſaid of forces. 

If 2 unequal moved bodies be compared, their force or 
moved parts will be in proportion compounded of the propor- 
tions of the bodies, and of their velocities, becauſe every part 
of a body is ſuppoſed to be moved with the ſame velocity, 
or degree of force ; whence it happens, if the motion of one 
body be communicated to another equally, the velocity will be 
equal, if the velocities of the greater and the magnitudes of 
the bodies be reciprocal. 

Whence we conclude, if a moved body runs againſt another 
body at reſt all reflexion being excluded, to wit, if each body 
be ſoft, they proceed together, and the velocity of the former 
will be to the velocity of the aggregate of the whole, as the 
whole aggregate to the firſt movent reciprocally; For ſince in 
the former there are ſo many degrees or parts of motion, and 
each of its parts are diſtributed in the aggregate ; to get the 
velocity of the firſt movent, the quantity of motion which is 
always the ſame muſt be divided by the number of parts of the 

| aggregate; Therefore the ſame number of parts of morion is 
generated from the aggregate ; in its velocity, as from the firſt 
movent in its velocity. Therefore if you diſpoſe the aggre- 
gate, the firſt movent, the velocity of the firſt movent, and 
the velocity of the aggregate, ſince the rectangle of the firſt 
and the laſt is equal to the rectangle made of the 2 means; 

ſo will the aggregate be to the firſt movent, as the velocity of 
the firſt movent to the velocity of the aggregate. | 


We 
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We muſt reaſon after the ſame manner in other caſes which 
may happen; as if there be two equal movents)or bodies mov- 
ed) which are born in the ſame part, one hath the velocity as 4, 
the other as 8, and the more Swift incurs or meets in the leſs 
Swift; 1 ſay after the meeting, the velocity of the Aggregate 
is as 6; for ſince the Bodies are equal, the parts moved will 
be as the velocities 8 and 4; wherefore the motion in them 
will be as 12: but after the meeting the parts moved ought 
to be the ſame ſo many, therefore the motion in the whole 
aggregate will be as 12, and in each body as 6; therefore the 
velocity of the leaſt, before their meeting was 4 and after- 
wards 6; and of the greater 8 and after meeting hut 6. 

Thirdly, if two equal bodies with equal velocities meet each 
other, excluding all reflexion, they will reſt, becauſe theſe 
velocities meeting one another, deftroy each other, as when 
you put contrary qualities in the fame Subject. | 

Fourghly, if 2 unequal bodies, ſuppoſe 2 globes one of one 
pound weight and the other of 2 pound, meer each other dj- 
rectly with equal velocities, ſuppoſe as 4, the Aggregate fol- 
lows the direction of the greater, and the velocity will be as 
1 2, for the quantity of motion in the greater is as 8, in the 
lefler as 4, while they meet each other tne motion of the lefs as 
4 detracts ſo much from the greater, therefore the quantity 
of motion remaining is as 4, to be divided by 3 pounds, there 
will be in each pound, one degree and +. 

- Fifthly, if two equal bodies with unequal velocities meet 
each other, ſuppoſe one hath velocity as 2 the other as 4; after 
meeting, Secluding reflection, the quantity of motion remain- 
ing will be as 2, each being divided, and therefore the aggre- 
gate will be moved as 1. 

Sixthly, Suppoſe two unequal bodies one whereof is one pound, 
and is moved with a velocity as 3: and the other is 2 pound, and 
hath a velocity as 4 ; the quantity of motion in the firſt is 3, In 
the ſecond 10, for when they meet, the leſſer quantity deſtroys 
ſo many degrees of r other as it contꝰ ins it ſelf, therefore, there 
remains 7 to be divided by 3 pound: Wherefore in the whole 
aggregate there will be 2 degrees and 5 of velocity. | 
Fg. 15. If 2 unequal Bodies be placed in two equal 

Branches or Arms of a Beam (as a pair of Scales) I ſay tlie 
velocity of the greater only will be to the velocity of the aggre- 
gate, as the aggregare ro the greater weight. Suppole a 

nn 8 | weight 
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weight"of two pounds, which if it be moved alone from A in 


B with a velocity as 4. Put on the other part a moveable body. 
as 1,which ſuppoſe to move downwards with the fame velocity: 
And theſe weights being compared as two meeting each other 


with equal velocity, wherefore ſince the quantity of motion 
in the greater is 8 degrees, and in the fecond 4, and ſuppoſing 
them Contrary to each other; the motion in the aggregate 
remaining is as 4 to be divided by. 3; the velocity therefore in 
cach will. be as.1 +. | 


If there ſhould be 2 equal Pendulums placed in two unequal: 
Branches, the manner of reaſoning will be the fame. Suppoſe. 
then the weights A and C to be equal, but the diſtance AD to. 


be double the diſtance DC; in ſuch diſpoſition the velocity of 


the weight A will be double the velocity of the weight C, 


wherefore the quantity of. motion in A will be double: Sup- 


poſe the motion in A as 8, in Cas 4, which motion fince tis 
contrary deſtroys from the motion of the weight A, 4 parts, 


therefore there remains 4 parts to be divided, fo that that of 
the weight A have 2 parts, and that of the weight C, 1 part, 


Therefore there are in A 2 parts and 3; and in C x part and 3. 
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PROPOS. VI. 


Concerning the Proportion of weights, on the ends of the 
Arms of a Ballance, Variouſiy placed | from. the. 


Horizontal ue. 


E. 16 of ie proportion of a weight in C to the fame weight- 
in F, will be as the whole Arm BC, to. its part. 


Bu, being placed between the Centre and the line of inclina- 


tion FHM, which the weighs freely makes from the extream F 


towards the Centre of the world. For the better underſtand- 


tz whereof, ſuppoſe on the other Arm of the ballance B D, 
aud in the extream D, a weight placed being lets in weight 
than C, as Bu part of BC which is leſs than BD, It is clcar- 


from the 6 Propolition of the 1 book of Archimedes of weights, 


tat if in the point & you place the. fame. weight. C, * 
ance 
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lance will little or nothing be moved from the Horizontal poſi- 
tion. But if the weight F equal to C be placed in the extream 

F of the arm BE; it is the ſame as if it be placed in « of the 
Horizontal line Bu To the better underſtanding whereof, 
Imagin a perpendicular thred Fu, and in its extream «, the 
weight to hang which was at P, whence it clearly appears that 
it begets the ſame «©Tect as when it was in F; which as I ſaid but 
now remaining fixi in the point « of the arm B «, it is ſo much 
lighter than when it was in C, as « B is leſs than B C. I ſay the 
ſame, if the arm be poſſited in e B, which we may eaſily try if we 
hang thred from of the arm B C perpendicular to e, in which ex- 
tream hang a weight equal to the weight C and at liberty from 
e of the Arm Be, hence the ballance will remain Horizontal. 
But if the arm Be be joyned in ſuch fire with the Horizontal 
B D, and the weight C be hung in e freely from a thred, it 
will neither aſcend nor deſcend, which is only becauſe it is 
hung by a thred which hangs as much from u, as that which is 
hanged freely from e of the arm Be; and this proceeds from 
this, becauſe it partly hangs from the Centre B: And if the 
Arm or Beam ſhould be in the ſite B Q, the whole weight 
would remain hung in the Centre B, even as in the ſite BA 
the whole preſſes to the ſaid Centre. Whence it comes to pats, 
that in this manner a weight is more or leſs heavy, by how 
much tis hung Farther from or nearer to the Centre; and this 
is the only Cauſe whereby one and the ſame weight in one, and 
the ſame mean becomes heavier or lighter. And although I call 


the fide BC Horizontal, ſuppoſing it to make a right angle 


with CO, whence the angle CBQ becomes leſs than a right 
angle, by the quantity of an angle equal to that which is made 
by CO and B Qin the Centre of the Elementary region, yet 
this hinders nothing ſince the ſaid angle is but of inſenſible 
Magnitude : From the ſame reaſons we may conclude, that if 
the point u be equally in the middle between the Centre B 
and the extream C; the weight F or M will hang or incline 
according to the half of the {aid Centre B: And if the ſaid u be 
nearer to B than to the point C, it will hang from it or incline 
to it more than the half; and if more towards C, it will be 
leſs than half. . 
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PROPOS. VIL 


How to know what quantity any weight or moving power 
hath in r eſpet to another quantity, by Perpendicular 5 
drawn from the Centre of the Ballance or beam to 
the line of Inclination. 


Fig. N what has bin faid 'tis eaſy to underſtand, that 
the quantity B u which is almoſt perpendicular from 

the centre B in the 16 Fig. to the line of Inclination F «, is 
that which hath led us into the knowledge of the quantity of 
the force of F in this ſite or poſition, to wit, the line Eu mak- 
ing with the arm F B an acute angle BF «: Nevertheleſs for the 
better underſtanding whereof we will imagin in Fig. 17. the 
beam b o a fixt in the Centre o at whoſe ends or extreams 
there is fixt or hung two weights, or two moving powers or 
forces e and e, yet ſo that the line of inclination e that is be 
make a right angle with 06 in the point b; and the line of 
inclinarion c that is ac makes an acute angle or an obtuſe 
with o in the point a, Imagin then the line ot perpendicu- 
lar to the line of inclination ca, whence ot will be leſs than 
oa by the 18 Prop of 1 El. of Euclid: Moreover, imagine o a 
to be cut in the point i, ſo that oz be equal to ot, and in the 
point i hang a weight equal to e, whoſe inclination make it a 
line parallel to the line of Inclination of the weight e, fuppo- 
fing nevertheleſs the weight or power c to be greater than e, in 
ſuch proportion as 6 o is greater than oz; without doubt by the 
6th. Prop. of the 1ſt. Book of Archimedes de equiponderant ibus, boi 
will not be moved from its ſite, but if in ſtead of oi we imagine 
ot made one with o 6, and the power attracted by the line c: 
c in like manner alſo. will touch as hor according to 
common reaſon the ſite is not moved; therefore that which 
was propoſed is done, alſo, hence we may eaſily note, how 
much vigor and force of weight or power c at a right angle 
with o aloſes, drawing leſs: Hence alſo follows this Corolary, 
that by how much nearer the centre o of the ballance is to the 
Centre 
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centre of the elementary region, by ſo much alſo it will be 
lighter. 
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PROPOS. VII. 


From the two laſt Propoſitions all the cauſes of Ballances 
and Leavers depend. Fig. 18. 


"3 force of any arm of a ballance or Leaver that is long, 
is greater than a ſhorter,from the Preceeding propoſitions, 
that is, a weight placed on the end of the greater or longer 
arm, preſſes or endeavours more as it hangs more or leſs from 
the Centre. 
Wheretore Ballances or Leaders are not purely Mathematick 
lines, but natural, and hence bodies exiſt conjoined with matter; 
now lets imagin » s to be a ſuperficies which according to length 
cuts the Axis of a Ballance; and we will ſuppoſe its Centre 
firſt in i, and the greater arm to be in, and the leſſer in, and 
the Vertical line io, which let be ſo much as is the thickneſs 
of the Ballance from the upper to the lower fide ; for the better 
underſtanding whereof ſuppoſe » s a Parallelogram, and put 
two equal weights on the ends of the arms, experience teaches 
that the weight at 25, is of more force than the weight at » x, 
and we would know the cauſe of this effect. 5 
We have already ſaid that Ballances or Lea vers are of matter, 
and » s the medium of its ſuperficies, ſuppoſe now i to be the 
Centre, which ſtaies the ſaid Ballance or Leaver; let ug and. 
nx be the lines of inclination of the weights, and we will im- 
agin that the ſaid weights hang from the points « and. », as 
indeed they do, although they thould hang from 5 and x, be- 
cauſe the point « and the point » are ſo conjoined with and 
x, that he that draws one, draws the other alſo: Likewiſe 
we'el imagin the two lines i u, in, and ie which ie makes 
the angle oi e equal to the angle oi»; Hence it appears clearly 
if we hangthe weight « (which is equal to the weight n) at e, 
that hath plainly the ſame force as the weight u hath, and 


the Beam or Ballance will neither move up nor down, * | 
both. 


PROPOS. VIL 


How to know what quantity any weight or moving power 
hath in reſpec! to another quantity, by Perpendiculars 
drawn from the Centre of the Ballance or beam to 
the line of Inclination. 


Fig. Pan what has bin ſaid 'tis eaſy to underſtand, that 

the quantity B u which is almoſt perpendicular from 
the centre B in the 16 Fig. to the line of Inclination F u, is 
that which hath led us into the knowledge of the quantity of 
the force of F in this ſite or poſition, to wit, the line Fu mak- 
ing with the arm F B an acute angle B F «: Nevertheleſs for the 
better underſtanding whereof we will imagin in Fig. 17. the 
beam + o a fixt in the Centre o at whoſe ends or extreams. 
there is fixt or hung two weights, or two moving. powers or 
forces e and c, yet ſo that the line of inclination e that is be 
make a right angle with ob in the point b; and the line of 
inclination c that is ac makes an acute angle or an obtuſe 
with o in the point a. Imagin then the line or perpendicu- 
lar to the line of inclination ca, whence ot will be leſs than 
o a by the 18 Prop of 1 El. of Euclid: Moreover. imagine o 4 
to be cut in the point i, ſo that oi be equal to t, and in the 
point i hang a weight equal to c, whoſe inclination make it a 
line parallel to the line of Inclination of the weight e, fuppo- 
fing nevertheleſs the weight or power c to be greater than e, in 
ſuch proportion as 6 o is greater than oz; without doubt by the 
6th. Prop. of the 1ſt. Book of Archimedes de equi ponderant ibus, b o 4 
will not be moved from its ſite, but if in ſtead of oi we imagine 
ot made one with o, and the power attracted by the line t c: 
c in like manner alſo will touch as bor according to 
common reaſon the fite is not moved; therefore that which 
was propoſed is done, alſo, hence we may eafily note, how 
much vigor and force of weight or power c at a right angle 
with o aloſes, drawing leſs: Hence alſo follows this Corolary, 
that by how much nearer the centre o of the ballance is to the 
CENLIE 
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centre of the elementary region, by ſo much alſo it will be 
lighter. 


PROPOS. VIII. 


From the two laſt Propoſutions all the cauſes of Ballances 
and Leavers depend. Fig. 18. 


Ae force of any arm of a ballance or Leaver that is long, 

is greater than a ſhorter,from the Preceeding propoſitions, 
that is, a weight placed on the end of the greater or longer 
arm, prefles or endeavours more as it hangs more or leſs from 
the Centre. 

Wheretore Ballances or Leaders are not purely Mathematick 
lines, but natural, and hence bodies exiſt conjoined with matter; 
now lets imagin » s tobe a ſuperficies which according to length 
cuts the Axis of a Ballance ; and we will ſuppoſe its Centre 
firſt in i, and the greater arm to be in, and the leſſer in, and 
the Vertical line io, which let be ſo much as is the thickneſs 
of the Ballance from the upper to the lower fide ; for the better 
underſtanding whereof ſuppoſe n s a Parallelogram, and put 
two equal weights on the ends of the arms, experience teaches 
that the weight at 25, is of more force than the weight at » x, 
and we would know the cauſe of this effect. | | 

We have already ſaid that Ballances or Leavers are of matter, 
and u the medium of its ſuperficies, ſuppoſe now i to be the 
Centre, which ſtaies the ſaid Ballance or Leaver; let us and. 
n be the lines of inclination of the weights, and we will im- 
agin that the ſaid weights hang from the points « and. n, as 
indeed they do, although they ſhould hang from 5 and x, be- 
cauſe the point « and the point » are ſo conjoined with and 
x, that he that draws one, draws the other alſo: Likewiſe 
we'el imagin the two lines in, in, and ie which ie makes. 
the angle oi e equal to the angle oi»; Hence it appears clearly 
if we hangthe weight « (which is equal to the weight » ) at e, 
that hath plainly the ſame force as the weight » hath, and 


the Beam or Ballance Will neither move up nor down, * 
Oth. 


30 Mechanick Powers. Book I. 
both weights equally lean to the centre i, by the middle lines ei 
and ni, but the ſaid weight being placed in a, the line i by 
which the weight preſſes to the Centre, is more Horizontal 
than e i, and the line of inclination as is more diſtant from 
the Centre i than the line et; whence the weight in this man- 
ner being alſo more free from the Centre i, reſults and is more 
ponderous than when it was in e, for the reaſons mentioned 
in the two precedent propoſitions, and for this cauſe weighs 
up the weight placed in a. But if the Centre were in o and 
we imagin two lines os and ox, and ſuppoſe the weights 
placed in s and x, whence the line o will be more Horixontal 
than the line o x, and the line of inclination « s will be more 
diſtant from the centre o than the line e t, its weight will alſo 
be heavier, becauſe it hangs ſo much farther from the Centre 
o, and by reaſoning as aforeſaid we find the ſame effect to be 
true: In Ballances rightly and properly fo called x i or » o« 
may be Horizontal, but in all kinds of Leavers this = is ſaid 
by a certain ſimilitude; we may contemplate the fame by 
ſuppoſing the Centre in the midle between o and i, which any 
one may eaſily do of himſelf without any other help. 
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OR, THE 
; | Definitions of the Leaver. | 1 
[3 3 3 R 
FFF 
. : Leaver is commonly a piece of a Fr. pole, or other i 
B Timber, about 6 feet in length, which we uſe either 1 
= to raiſe or move heavy bodies, ſuch as Timber or 
$ Stone, or any body of metal, or fuch like; wherein three points | 
þ are aſſigned, firſt the power of the movent zly; Of the weight 1 
KB to be moved; zhy, The. prop, to which the Leaver is 
& annext, as to a Centre, deſcribing two arches with a double | 
motion. 
4 2. Hence becauſe theſe 3 points may be diſpoſed three ways 
2 in this length, they produce 3 kinds of Leavers. Firſt a Leaver | 
of the firſt kind is that wherein the prop poſſeſſes the : 
= middle place, and the power and the weight poſſeſs the two f 
® ends, or extreams of the Leaver, as if the Power be inA, the Prop | 
in B, and the weight in C. | 1 
8 Fig. 19. A Leaver of the ſecond. kind is that wherein the 
3 weight is placed in the midle, and the power and the Prop at the | 
ends. : _— ö 
3 A Leaver of the third kind hath the power placed in the j 
Z midle and the weight and the Prop atthe two ends. i 
I Before 1 enter on the Propoſitions, I ſhall premiſe ſome things 
I worthy our animadverſion. 
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Fig. 20. Suppole the Leæver to be o 6, th, x, whoſe Prop ( or 
Hypomoclion ) is in the point o, and the weight in the point », 
tis clear that when you would raiſe it, it behoves alſo by the 
help of the hands to raiſe 2; now we muſt conſider how the 
weight » endeavours towards u, and for this cauſe we will im- 
agin the right lines 1 o, 4, ne, ut, and nu, of which ui, is 
placed towards the Centre of the world, and at makes an 
angle 7» t equal to the angle i no: Now placing ſome power 
in i having equal inclination to the upper, as » has to the lower 
( ſetting aſide the gravity of the Leaver) this e ac- 
cording to co.nmon reaſon) will ſuſtain the whole weight 
of the ſaid », and if the weight » were in directly over o, 
the whole weight would be upon the Prop, and ſo much force 
or power of the Prop will ſuffice to reſi for ſuſtaining, as is 
the gravity of the weight; but putting it again in » tis clear 
that if another power be not oppoſed from the neither to the 
upper part of the Leaver, the Prop notwithſtanding being ex- 
cepted, it will behove the power of ſome part of the weight u 
(without conſideration as aforeſaid of the weight of the Leaver*s 
matter or ſubſtance) that the Leaver be depreſſed from the part, 
5, , and ſome one part of the weight », becauſe other part of 
the ſame weight endeavours it ſelf to the Prop o, by means of 
the line o » which makes not right angles with o x. But if from 
the point t this kind of reſiſtance oppoſe it ſelf that the Leaver 
be not depreſſed or born down,'tis clear by common ſence that 
the power of the weight » is divided equally in the middle, 
whoſe moiety over reſteth, as alſo the other over t being in the 
middle of the two lines o and nt. Now imagin the reſiſtance 
t to be taken away and placed in e, it is clear alſo that the 
greater part of the weight » forces or endeavours to e by help 
of the line n e, more than too; ſince the line of inclination, » z, is. 
nearer to e than o: Becauſe all reſiſtance either ini or in e, or 
in t or in « is inftead of a centre as well as o, and the Work of 
one helps tother; But if the ſame reſiſtance be placed in «, tis 
clear alſo that a leſſer part of the weight », endeavours to « 
than to o; ſince the ſaid i is farther diſtant from the centre 
u, than from the Centre o, and the proportion of the part of 
the weight » in o, to the proportion, of the part of the weight 
„in « Will not be according to the proportion of the angles « 
ni and oni, but according to the proportion of ## to i o, 


which may clearly be comprehended by the converſe oP 
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effect, that is even, as now we have ſuppoſed o and « to be two 
Centres that ſuſtain the weight e of =; alſo imagin » ro be a 
certain Centre from whence hang two weights o and u, fo 
proportioned to each other, that 4 and zo are the certain 
cauſes of the ballance of theſe weights o, which we call a 
Leaver or Beam inclined on no part: But returning to the pro- 
paſitior, we ſay, That the weight of » endeavoring leſs to n 
than to o, that is to t, there needs leſs force in « than int to 
raiſe the weight ; and ſo by conſequence, the farther the 
point « is from t, the leſſer force is required, and conſequently 
when the force or reſiſtance in « is fo proportioned to that 
which is in o, as is oi to i the Leaver or Beam will not be 
moved: But when there is a greater proportion of the reſiſtance 
of « to that which is of o, than of that of oi to is, then the 
part #5 of the Leaver or Beam will be elevated: But if the 
proportion be leſſer than o z, to # u, than the Beam or Leader will 
be depreſſed on the ſame part. 1 8 
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and from its end O (which O when DO is Horizontal is 
found in the baſe of the ſaid Triangle) comes the piece of 
wood O V, which with AV is equal to the perpendicular im- 
agined from the angle A of the baſe T S playing too and fro 
in O and V, that the ſemidiameter D O may be raiſed and de- 
preſſed. And VO is equal to A V, and V is in the middle be- 
tween A and E, whence AV with O V are equal to AE; 
moreover there are two picces of wood perpendicular from 
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A, and fixt to the baſe and immovable; and ſo far diſtant from 
one another, that between them OV and D O may paſs above 
and beneath, and not depart from the ſemidiameter DO. In 
the end of E there muſt he a ſmall piece of Wood at right An- 
gles with AE, which is held by the hands of ſome body which 
ſlands on the foreſaid Machine, which man with that wood 
that is, the ſemidiametre A E drawing it to himſelf from the 


ſuperficies of the ſaid Triangle, and then thruſting it towards 


the ſame Triangle, he excites the ſemidiameter D O upon the 
Paſt with a great force. 

In imitation whereof I have ſubcribed Fig. 22. h a u x, in 
which we may imagine « reſembles A in the 21 Fig, and 4 de- 
notes O, and o V, and x E: we may alſo imagine «.a tote 
the baſe of the Triangle @ « o, to which ot the perpendicular 
of the {aid baſe add. « 4; hitherto then. uo will be equal to. o 
x, and to o a, we may imagine alſo 4 o ſo. produced to. b, that 
o b be equal to o a. Alſo ſuppoſe a weight in a, to force to- 
wards u, whence the line of its inclihation will be always 4 ; 
ſuppoſe alſo 20 b to be a Beam or Leaver, and o its Centre, 
whence the force or power of à will be proportional to ot, with 
reſpect to the force or power imagined in 6, the. inclination of 
the perpendicular b a, which force or power in 6 will be pro- 
portionable to b by Prop. 7. of this Treatiſe; therefore if 
you fhould.place a certain power in ᷣ at a right Angle drawing 
the line b o ſo proportionated to the power of the perpendicu- 
Har a, as ot is proportioned to o b, the Beam boa will not be 
moved, but. any greater portion in & will overcome 4: 
And when o x is equal to o b, the fame will happen according 
to common Senſe, placing the power b in x. The. quantity 
therefore of the power in x, which ought to overcome the re- 
fiſtance in.a, which is put againſt u, ought to have a little 
greater proportion to reſiſt, which in a makes a right Angle 


Wich a o, than that which is. of of to o x. 
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PROPOS. I. Fig. 19. 
A Theorem. 


F in a Leaver, the Power be to the weight as the diſtance of each 


om the Prep, reciprocally, it will be in equilibrio, or the power 
wn” ſuſtain the weight, but not raiſe it. 224 


Suppoſe the power A to the weight C, to be as the diſtance 


Beto the diſtance A B; I ſay, it will be in equilibrio,and the power 
will ſuſtain the weight C, but not overcome nor raiſe it; but 
to the better underſtanding of the Propoſition, ſuppoſe the 
weight C to be 100 pounds, and the power A to be a power 
able to ſuſtain 25 pounds without a leaver; and as the power 
A is equivalent preciſely to a fourth part of the weight, fo alſo 
the line B'C muſt be a fourth part of the line A B to make it 
in equilibrio. e | 
The Demonſtration. The power is increaſed in the ſame pro- 
portion in which its motion is increaſed above the motion 
of the weight; but in ſuch diſpoſition the motion of rhe pow- 


er is to the motion of the weight, as 4 to 1; for if the lea- 


ver be underſtood tobe raiſed in L, fo that the power deſcribes 
the arch AL, the weight deſcribes the arch K C; but the arch- 
es are a like, becauſe the angles ABL, CBK are equal; or 


like arches oppoſite to the vertex, are as their Semidiameters, 


to wit, as AB to BC, and we 7 AB to be 4 times as 
much as BC; therefore in ſuch di 


ciple of this Treatiſe) the power A is quadruplicated, and there- 
fore is equivalent to 100, but a power of 100 is in equilibrio 
with a weight of 100; therefore if as the power A to the 
weight C, ſo the diſtance CB to the diſtance AB, which is re- 
ciprocal, it will be in  equilibrio, which was to be demon- 


ſtr ated. A. 


poſition. (by the firſt prin- 


_ < 8 — 


PROPOS, IL 


A Theorem. : 2 


T* the proportion of the Power to the weight be greater, than of 


the diſtance of the weight to the diſtance of the Power fiam the 
Prop, the power will raiſe the weight and overcome it. 3 
Fig. 19. Let the proportion of the power A to the weight 
C be greater than of the diſtance} BC to the diſtance AB; 
1 fay, The power A fo diſpoſed will overcome the weight 
8 | 


Demonſtration. Suppoſe another power which hath the ſame 


proportion to the weight C, as the diſtance BC hath to the 
diſtance A B, this power will be in equilibro with the weight 
(by the precedent propoſition) but the power A is greater than 
that power (by the roth propofition of 5 Euclid) therefore the 
power A is greater than that which is in equi/ibro with the 
weight C, therefore it will overcome the weight C, and will 
raiſe it; which was to be demonſtrated. 


PROPOS. III. 
A Theorem. 


Fig. 2.3, I the proportion of the diſtance of the Power from The 


Prop, to the diſtance of the weight from the Prop be 
greater than of the weight to the power, the weight will be overcome, 
and raiſed by the Power. | 

Suppoſe a greater proportion of AB to BC than of the 
weight C to the power A, I ſay the power will overcome the 
weight C. 1 

The 


Book 
The D 
applied 
ſo B 
DB le: 
plied in 
Bur the 
hath gre 
C; the! 
power I 
that wi 
ſtrated. 


— — . 


F the 
diſta 
portion 0, 
greater . 
nor ſuſta 
Firſt, 
be great 
to little 
the pov 
as AB 
C to th 
POWET . 
than tl 
plied ir 
fore the 
C; ther 
Secone 
diſtance 
C; I ia 
for ſupp 
the prop 
than of 


Book IT. Mechanick Powers. 37 
The Demonſtration. Suppoſe another power D equal to A 
applied in the point D, ſo that as the weight C to the power D, 
ſo OB to BC (it will be by the 1oth propofition of 5 Euclid.) 
DB leſs than AB, and (by the firſt of this) the power D ap- 
plicd in the point D will be in equ/libro with the weight C: 
But the power A equal to D if it be applied in the point A, 
hath greater motion with reſpect to the motion of the weight 
C; therefore by the firſt principle hath greater force than the 
power D which is in equ:/zbro with the weight C, wherefore 
that To overcome ard raiſe it; which was to be demon- 
ſtrated. 
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A Theorem. Fig. 23. 

I che proportion of the eight to the Power be greater than the 
diſtance of the power to the diſtance of the weight, or if the pro- 
portion of the diſt ance of the weight to the diſtance of the Power be 
greater than of the power to the weight, the power will neither elevate 
nor ſuſtain the eig hi. | | wh 
Firſt, Let the proportion of the weight C to the power A 
be greater than of the diſtance A B to BC; I ſay the power A is 
to little to make an equilibro with the weight C; For ſuppoſe 
the power E to which the weight C hath the ſame proportion 
as AB to BC, and conſequently the proportion of the weight 
C to the power E will be leſs than of the fame weight C torhe 
power A, and (by the roth of 5 Euclid.) the power E is greater 
than the power A, but (by the firſt of this) the power E ap-- 
plied in the point A is in cquilibro with the weight C, there- 
fore the power A is too little to be in equilibrio with the weight 

C; therefore can neither raiſe nor ſuſtain it. 5 
Secondly, Suppoſe the proportion of the diſtance BC to the 
diſtance AB to be greater than of the power A to the weight 
C; I ſay, The victory will be in the power of the weight C, 
for ſuppoſe the power E to be as BC to AB, ſo E to C, and 
the proportion of the power E to the weight C, will be greater 

than of the power A to the ſame weight C, and (by the 4oth of 

| 5 Euclid.) 
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5" Euclid.) the power of E will be greater than of A; but (by 
the firſt of this) the power E applied in the point A is in cquili- 
brio with the weight C; therefore the power A is leſs than 
that which is applied in the ſame point of the Leaver, in equi- 
librio with the weight C, therefore the power A cannot ſuſ- 
tain the weight C; which was to be demonſtrated 

Although in the Figure I have only put a leaver of the firſt 
kind, theſe proportions agree equally with the 3 kinds of Lea- 
vers, fince in each kind as well the powers as the weights de- 
{cribe Circles. 
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PROPOS. V. 
A Theorem. 


Power is equivalent to ſo many powers equal to it ſelf in force, 
as its diſtance from the Prop contains the diſtance of the weight 
rom the ſame. 

Fig. 24. Suppoſe any power A hit to ſuſtain without a Lea- 
ver, a weight of 100 pounds, fo diſpoſed in the Leaver that 
the diſtance of A from the Prop contains four times the di- 
ſtance B C of the weight from rhe ſame Prop or Centre; I 
{ay the fame power in the point A is equivalent to 4 powers 
equal to it ſelf in force, and fo can ſuſtain in this diſpoſition of 
che Machine or Engin, a weight of 400 pounds. 

The Demonſtration. As many times as the diſtance AB con- 
tains the diſtance BC, ſo many times the motion of the power 
contains the motion of the weight, but (by the firſt principle 

of Machines) how much the motion of the power increaſes 
above the motion of the weight, it hath ſo much the more 
ſtrength or force, therefore according to the proportion of A B 
to BC, the force of the power will be increaſt ; bur by ſup- 
poſition AB is four times as much as BC, therefore the power 
apc in the point A is equivalent to 4 powers equal to it 
elf in vertue or force. | 

Or the power A equal to 100 pounds, will be equivalent to 
4 powers equal to it ſelf in vertue, if it ſuſtains 400 pounds; 
and it can ſuſtain them (by the firſt of this) if it be as the 


power 
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ower A to the weight of 400 pounds, ſo the diſtance BC to 
the diſtance AB, which plainly appears. | 


— — 


PROPOS. VI. 


The Power being placed the ſame diſtance from the Prop, and the 
weight being placed nearer to the Prop encreaſes the force of the Power. 
Fig. 24 F let the weight C be diſtance from the 
Prop B the diſtance of BC, and let the power 
be in A; I fay if the power be always in the point A, and the 
weight be removed from the Prop B. ſuppoſe to the point E, 
that by how much the leſſer BE is, by ſo much the greater 
will the force of the power be, in order to ſuſtain or raiſe the 
weight placed in E; That is if the power applied in the point 
A can ſuſtain or ſupport a weight of 400 pounds placed in the 
point C; I ſay, If the weight C be removed from the Prop and 
placed in the point E; It will be as BE to BC ſothe weight of 
400 pounds to that which the power A can ſuſtain. 

The Demonſtration. For let it be as BE to B D ſo the weight 
Cto the weight F; I ſay the weight F placed in the point E will 
be in equilibrio. with the power A, for when 'tis as the power A 
to the weight C, fo the diſtance B C to the diſtance AB; as. 
alſo BE to BC, fo the weight C to the weight F; There- 
fore from diforder'd equality (by 23 of 5 Euclid) the power 
A will be to the weight F as the diſtance BE to the diſtance. 
AB, then (by the firſt of this) A and F will be in equilibrio 
which was to be demonſtrated; | PO 5 


Corollary. I. 


Fig. 25. From this Propoſition arrives ſeveral pradtifes. 
which naturally or experimentally Workmen make ute of for 
moving, of weights, or overcoming the reſiſtance of any bodies; 
And neither is this Doctrine only uſeful in raiſing and re- 
moving of heavy bodies, bur alſo in cutting off bodies. and. 
parting them from each other, and overcoming any reſiſtance, 
which I ſhall only ſhew in brief, that it may, be turned from 
them to Aker matters. ; 

Firſt in digging Stones out of Qarries, they often uſe a Leaver 
ar Croe of Iron, and when the Stone reſiſts much, 3 
| TCALON: 
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reaſon of its greatneſs, or becauſe it will not eaſily be ſeperated 
from the other to which it adhears, they remove the Prop as 
near to the weight as may be, that ſo they may move it the 
eafier, ard for the Prop they commonly make uſe of a Stone; 
or ſometimes two Stones, as if the Stone EF were to be part- 
ed from the Stone D E, if DE be firm,the Prop will be in the 

hint C, and the weight in B, and it will be a Leaver of the 
{-cond kind and then the diſtance of the power will be the 
line AC, the diſtance of the weight will be BC; then asminy 
times as BC is in AC, ſo many powers equal to it ſelf will the 
power placed in the point A be equivalent to. 
But if the weight B be fo drawn back from the body CE 
lich che proportion of the Prop hath, that the diſtance CB 
be made greater, there may be put between thoſe two bodies, 
ſome hard body, that ſo the diſtance C B may be leflened, and 
the force of the power more and more increaſed. 

Fig. 25. In like manner when a Nail is to be drawn with 

a Hammer, by how much the Nail (which obtains the force 
of a weight) is nearer the Prop C, the eaſier it is drawn forth; 
whence when the Nail is, drawn out a little way, ſo that the 
end of the Hammer C cannot reſt on the Board or Timber 
that the Nail is in, we are wont to put another body between, 
that the diſtance may be leſs. 


Fig. 27. In like manner in Pinchers 1s a double Leaver of 
the firſt kind, one whereof is the Prop; to wit, the Nail or 


River B, about which each part is turned, and by how much 
lelſer the diſtance BD+is, and the diſtance AB or BC the 
greater, ſo much the more it ſtrains. | | 
Fig. 28. The ſame may be ſaid of Shears, wherein this 
may be noted, The more they are opened the caſter they o- 
perate; becauſe that when they are more opened the body 
to be cut, is nearer the Prop B; Example, Suppoſe it in D, but 
when they are ſhur farther, that which is to be cut, ſuppoſe 
it to be in the point E; whence the proportion. of the diſtance 
of the weight from the Prop is greater than the diſtance of the 
power from the ſame Prop or Centre; moreover the longer 
the Arms AB, CB are, the more the force of the power is 
encreaſt, and thus we ſee Workmens long Shears cuts any kind 
of Mettal; many other Inſtruments we might mention, which 
this principle eaſily diſcovers. | 
When 


* 


r 
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When we open a Lock with a Key, if it opens hard, we 
put a Stick into the ring of the Key and turn the Key with it, 
for by ſo doing we make uſe of a longer Leaver, than when 
we turn the Key with our hand upon it. 

When we open Gates or Doors, if we lay hold of them 
further from the Hinges, they open eaſier than when we lay 
hold on them nearer to the hinges. 

Alſo from this we may give a reaſon why a long Staff or 
Pike weighs more if it be lifted up by one end, than if nearer 
the middle; as alſo why a long Stick, or Staff; or picce of 
Timber, is bowed or broke with more caſe than a ſhorter. 

Hence likewiſe a reaſon may be rendred, Why in Mills ſome 
teeth are made ſtronger and nearer together than others, vis. 
the foremeſt ; many things we may run through which may 
be reduced to the Leaver ; as in Navigation, the governing or 
Steering a Veſſel, rowing with Oars, Cc. 


PROPOS. VII. 
A Problem. 


To move any weight with any Power by a Leaver of 
the firſt and ſecond kind. 


Fig. 29. J ET there be given any weight B, and a power 

- 8 : : A, how little ſoever; I fo the wei ht 5 may _ 
be moved by the power A, with a Leaver of the firſt or ſecond 
kind; for ſince the weight B is not infinite, it will have ſome 
proportion to the power, therefore divide the Leaver CO, 
and make it, as the weight B to the power A: So the line 
CE to the line ED; ſuppoſe the Prop in the point E, and the 
weight applied in the point D, and the power A in the point 
C; I fay it will be in equilibrio. 

The Demonſtration. For ſince the power A is to the weight 
B, as the diſtance ED, to wit, of the weight from rhe Prop, 
{0 the diſtance CE; to wit, of * power from the Prop ( Dy 

the 
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the firſt of this) it will be in equilibrio, but if the Prop be 
moved never ſo little to the weight, the power will overcome 
che weight and raiſe it. 

We will do the ſame by a Leaver of the ſecond kind, for 
make it, as B to A, fo FH the length of the whole Leaver 
to GH, and let the Prop be at the end as at H, the power at the 
other end at F, and the weight in the point G, as yet (by the 
ficſt of this) it will be in equilibro; but if the weight be moved 
never ſo little to the Prop, the power will raiſe the weight, 
and overcome it. 

But a Leaver of the third kind, we cannot uſe to effect the 
ſame thing, for when the weight is placed at one end, and the 
Prop at the other, the power which poſſeſſes the middle place 
will always be leſs diſtant from the Prop, than the weight 
will; and is ſo far from helping the Machine to encreaſe the 
force of the power, that it hinders it, and the weight from 
ſuch diſpofition of the Machine increaſes its reſiſtance; for 
generally ſpeaking, as often as the diſpoſition of the Machine 
increaſes the force of the power ; ſo often, if the power and 
the weight change places, the force of the power is abated, 
and ſo much the reſiſtance of the weight encreaſed. 

And this is Archimedes's great Problem, That he would 
move the whole Globe of the Earth, if he could find but a 
place to fix a Prop upon, which in Speculation is true, but in 
practice impoſſible ; tor who can practically divide the length 
of a Leaver into any proportion, eſpecially, if for Example, 
The Hundredth Thouſand part of a Line were required, for it. 
would make the diſtance of the weight ſo ſmall from the Prop, 


that the feat of the Prop would be impoſlible to be diſtinguiſht 
trom the diſtance of the weight, 


PROPOS. 
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PROPOS. VIII. 
A Problem. 


To our a weight ſo on a Leaver, that no finite power, 
how great ſoe ver, can overcome it. 


Fig. 30. 1 the weight A be never ſo little, and any 

power B equivalent to it, I ſay theſe may be ſo 
placed, that the power B, whatever it be, will be unable to 
raiſe the ſaid weight. For ſuppoſe, as the power B to the 
weight A, ſo the diſtance K L to the diſtance L M, and the 
power B in the point K, and the weight A placed in M by 
(the firſt of this) it will be in equilibro ; whence if the Prop L 
be removed never ſo little to the power conſiſting in K, it will 
be unable to raiſe the weight ; alſo a Leaver given ſuppoſing 
the Prop thus, we may divide it, that a power being placed ar 
one end, ſhall not raiſe the other end of the Leaver ; viz. If 
we divide the Leaver KM, ſuppoſing the Prop L very nigh 
the power in the point K, it will come to pals that the power, 


though very heavy, will not raiſe the other part of the 
Leaver L M. 
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PROPOS. IX. 
A Theorem. 


Fig. 3 W Hen the Centre of gravity of a weight is in ihe {ive 

of the Leaver, the ſame force is always required to 
meve it, whatſcever ſite it obtains, ſo that the force move only d1wn- 
ward or upward, 


G 2 Thoſe 
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Thoſe things which we have demonſtrated concerning the 
Leaver, in the former Propoſitions are more univerſal; nor do 
they ſhew divers Circumſtances worthy of Note, which here 
we ought to examine; And certain it is that a living power 
which is often uſed with a Leaver, ſince tis inditterent to all 
motion, it will move as well downard as a thwart. But weights 
which by their own nature gravitate only, refit motion up- 
wards, and therefore their cicular motion is not ſo much to 
be conſidered, as their ſimple Perpendicular motion, which, 
that I may handle every one ſeverally, I ſhall expoſe ſeveral 
Caſes. And Firſt, we ſhall take notice of the power forcing 
only downwards as it were, and ſo a weight may be com- 
pared in divers manners with a Leaver, for either the Centre of 
' gravity of the weight, or as it were its middle is in the Leaver, 
and which is the fame, is hanged freely on the Leaver, or it 
is above the Leaver, or beneath the Leaver : In this proportion 
we appoint the Centre of gravity in the Leaver. 

Suppoſe the Centre of gravity of the weight A in the Lea- 
ver; I fay, If the power only force downwards, the fame 
power is required to ſuſtain the weight in what fire ſo ever 

| it is. 
* The Demonſtration. As well the weight as the power tend 
| downwards, wherefore if the cicular motion be conſidered, 
both of the power and the weight, they will be proportionally 
diſtant, or their diſtances will be proportional, fince like arches 
are proportional ro the Semidiameters of their Circles; or if 
the perpendicular motions G E, CH be conſidered, they alſo 
will be proportional, becauſe the Triangles CBH, BGE are 
| proportionals ; whence if the power move only downwards, 
the fame force is required to ſuſtain or move the weight, 
whether the Leaver be Horizontal or oblique. 


” 
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PROPOS: X. 


Fig. 32. Power moving equally in every different place, meth 
a weight more eaſily, whole Centre is in au w!inue 
beam er leaver, than in an Horizontal one. | 

Let the power be A, cqually able ro move a weight in any 
difference of place, and let the weight be D, whoſe Centre i; 
in the Leaver; I ſay, If the Leaver be raiſed in E, the jp own 
will more eaſily move the ſame weight, than if the i.cuver 
were Horizontal, as AD. 

The Demonſtration. Weight, or any heavy body, reſilts G 
motion upwards, therefore a Perpendicular line is irs meaſure 
of reſiſtance ; Therefore, Firſt let the weight be moved ac- 
cording to the Arch DE, the reſiſtance will be the linc E , 
Secondly, let it be moved according to the other Arch equal 
to EF, the reſiſtance will be according to the Perpendicvlar 
FI; And it is clear, that the line FI is leſs than the line EH: 
Therefore although the ſame power move through the Arch 
CB, equal to AB, and ſo advances the fame vertne or force 
(according to the firſt principal) you will find leſs reſiſtarce in 


E than in D, therefore it will move eaſier while the Leaver 
obtains anob/ique ite or poſition,than when it hath an Horizontal ; 


which was to be demonſtrated. 
Corollary. 


Hence it follows, That in an oblique ſite a power is in equi- 
libro with a weight, although the proportion of the power to 


the weight be not reciprocally the ſame, which the diſtance of 


the weight is to the diitance of the power from the Prop; to 
wit, becauſe the motion of the weight, 2ccording to which 
its reſiſtance endeavours, is not the Arch E F but the Perpen- 
dicular line FI, although the motion of the power, accord- 


ing to which it exerciſes its activity ſhould be by the Arch BC, 
but the Arch BC and the Perpendicular FI are nor proportional 


Nevertheleſs 


to the diſtances K B, KE. 


SIS - — ba 5 
— > | — 


S = 
Yds 


Tf 
4 
| 
1 


— et — er 


a If” 
4,5 —— 


— . 
— — —— — - 
— 
—— — 


—_— Y — —̃— — 


- — 


* ——ñʒL-— —ÿ—— — ̃ —ñ 9e a rs oe pn — —— 2 
= _ N _ — = * — * 2 — \ — 4 


„ nn Book II. 


Nevertheleſs in an Horizontal ſite D A, becauſe the Perpen- 
dicular Phiſically falls in with the Circle DH, the common 
Rules ought to be obſerved. 
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PROPOS. XI. 
A Theorem. 


Fig. 33. I the Centre of a weight be above the Leaver, the 
weight is eaſier raiſed above the Horizontal line than 
beneath, from the power only forcing downwards. 

Suppoſe the weight A, and its Centre above the Leaver ; 
ſince the weight always preſſes downards according to a Per- 
pendicular line; in an elevated ſite it weighs downwards accord- 
ing to the line IF; and then the true diſtance will be the line 
FE; but in an Herizontal ſite the true diſtance will be BE: 
In a depreſſed ſite it will be DE; Tis certain, that DE is 

reater than B E, and this greater than FE, and ſo in re- 
pect of the power applicd in the Leaver, and only preſſing 
downwards, the motion in C will be more difficult than in 
A, and in A than in I. | 

Bur what I have ſaid is with reſpe& to the power, its mo- 
ving ſimply downwards; becauſe if it ſhould move equally, 
or alike in every different place, the proportion of the Doctrine 
delivered in the 1oth Prop. would enſue. | 


— . — 


PRONOS, XI. 
A Theorem. 


Fig. 34. 13 * a weight hath its Centre of gravity beneath 
| the Leaver in a depreſſed ſite or Poſition, leſs force 


is required than in an Horizontal, and greater in an elevated 
ſite. 
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Suppoſing 
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Suppoſing the Proof of the former Propoſition, this ap- 
pears clear enough, neither Goth it need ary further explica- 
tion, fince in a depreſſed ſite the Perpendicular cuts off a leſſer 
or ſhorter diſtance than in the Horizontal, and in an elevated. 
ſite it cuts off a greater; the ſame caution is to be noted. 

But when the weight freely depends on the Leaver, it is al- 
moſt in the ſame manner, as it the Centre of gravity of the 
weight were found in the Leaver : For always the ſame diſtance 
remains to the Prop or Centre, eſpecially vertually; becauſe the 
weight ſo moved, is as if it truly exiſted in that point of the. 
Leaver whereby 'tis hung. 


— 
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jy” PROPOS. XIII. 
A Theorem. 


Fig. 35. IF by reaſon of the Figure of the Prop, the point on which. 
2 1 Fu mans U fr the al 2 alſo 7 the 
force of the Power, to the reſiſtance of the weight will be changed. 
The Figure of the Prop. may be various, and it may be ſo 
made, that in its motion it may bear the force of one or ano- 
ther point of the Leaver; whence it comes to paſs, that the 
diſtance of both the power and the weight are not the 
fame ; and ſo the whole proportion of the force of the power 
to the reſiſtance of the weight is changed ; as if the Prop.. 
ſhould be Spherical, and the Leaver in an Horizontal ſite ſhould: 
touch it in the point A, but in an elevated ſite it would touch 
it in the point 3; The ſame J fay if the Prop. ſhould be an 


oblong. 


PROPOS. 


n 
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PROPOS, MV. 


The motion of a power oblique to the Leaver, is beſs 
__ - powerful than when right. 


Fig. 36. IF the power be A, which preſſes the Leaver ac- 

cording to the oblique line AB; I ſay this motion 
is leſs powerful or able, than if the fame force preſt the lea- 
ver according to the perpendicular line AC. 

The Demonſtration. That motion tends not fo much in raiſing 
the weight, as in drawing back rhe leaver from the Prop, as 
the motion AD forces the leaver againſt the Prop, and con- 
ſequently it rather reſiſts the Prop. than the weight. 


— * 
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PROPOS. XV. 
A Theorem. 


A motion ſo preſſing forward to the weight, that it forces 
it obliquely to the line, according to which it ſhould 
be moved, is leſs powerful. 


Fig. 37. * E weight is A, which ſhould only move ac- 
1 cording to the line AB, and the Leaver whoſe 
Prop is in C, touching the weight in the point D, and forcing 
it according to the line DE; I ſay, The motion of ſuch weight 
will be more difficult than if it had been forced according to 
the line AB; for the force of motion according to the line 
D E, as compoſed of a double motion, to wit, as it were of 
a Perpendicular, and of an Horizontal ; I ſay; as often as tis 
- Perpendicular, ir reſiſts the ſubjected plane, and ſo part 
of chat force is uſed in vain, in overcoming this reſiſtance. 
| Prop. 
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PROPOS. XVI. 
A Theorem. 


V Hen two Powers conſiſting at the ends of a Leaver, ſuſtain a 
\ weight hung on it, that which is neereſt to the weight ſuſtains 
the greater part of the weight, and that which is further, the leſſer 
part proportionally to the diſtances reciprocally. 

Fig. 38- There are two powers A and B conſiſting at the 
ends 55 the Leaver, and ſuſtaining the ſame weight C; I fay, 


the Power A ſuſtains a greater part of the weight than B; har 


is, if the weight C be 6o pounds and B C the double of AC; 1 
ſay, the power A ſuſtains 40 pounds, of the weight, and the 
ower B ſuſtains only 20 pounds: Or that the powers may 
uſtain the weight C, the power in B muſt be equal to a 
weight of 20 pounds, and the Power in A equal to 40 
ounds. 
g The Demonſtration. The Power A in reſpect of the power B 
is as the Prop, therefore that they may be in equilibro, it ought 
to be as, A C, the diſtance of the weight from the Prop A, to 
A B the diſtance of the power from the ſame Prop, ſo the 
power B to the weight C reciprocally (by the firſt of this) but 
AC is by ſuppoſition a third part of the line A B, therefore 
there is required in Ba power equal to a third part of the 
weight, to wit, of 20 pounds; In like manner, becauſe with re- 


ſpect to the power A, as the power B hath by means of the 


Prop, ſo will be the diſtance CB of the weght from the Prop, 
to AB the diſtance of the power from the fame, as the power 
A tothe weight C reciprocally, (by the firſt of this) but CB 
is ſuppoſed to contain two third parts of the whole line A B, 
therefore alſo the Power A will be equal to + parts of the 
weight C, to wit, of forty pounds: Which was to be de- 
monſtrated. 


H Corollary 
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Corollary. I. 


If the weight be preciſely in the middle, each power ſuſtains, 
only an half part.. | | 


Corollary. II. 


Both Powers taken together, ought to be equal to that: 
power which can raife the weight. without a. Leaver.. 


| | Corollary. III. 


Hence we may determine whether the Prop be fit to ſuſtain: 
the weight, for it always agrees with ſome part of the weight, 
eſpecially in Leavers of the ſecond. kind. 


Corollary. IV. 


In a Leaver of the firſt. kind, the Prop ſuſtains as muck of 
the weight as the power, and its reſiſtance ought to be equal 
to both taken together. 


Corollary. V. 


ö | | 
| When 2 powers conſiſt at the ends of a Leaver | ſuſtaining a: 
weight placed in the middle, we may eaſily determine how 
1 much of that weight each power bears, to wit, by dividing _ 
| the whole weight according to the proportion, which the 
powers have with the weight reciprocally; What I have ſaid 
| in reſpect of the Leavers bearing or ſuſtaining the weight, may 
| alſo be underſtood of drawing a weight; As if 2 draw, and: 
the- weight A be fixt; not in the midle of the Leaver BC; the.. 
| Leayer will be moveable only about the point D. 5 
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PROPOS. XVII. 
A Theorem. 


Owers conſiſting at the ends of a Leaver, do not bear the weight 
P eaſier on a longer Leaver than en a ſhorter. 

Fig. 39. Let the powers be A and B, and the Leaver like- 
wiſe AB, ſuſtaining the weight C; and let there be 2 other 
powers D and E ſuſtaining the ſame weight, or one equal to it, 
on the, longer Leaver ; I fay the length of the Leaver D E adds 
nothing to the facility ; for let there be the ſame proportion 
of AC to CB, as of DF to FE, I will ſhew in both caſes that 
the ſame part of the weight is ſuſtained by the power B, as is 
ſuſtained by the power E, and the ſame by the power A as by 
the power D: In like manner (from Corollary 2) I will ſhew 
in both caſes that the powers taken together are equal to the 
won, whence the greater Leaver effects no more than the 
eller. 

Neither doth it ſeem ſtrange, that the length of the Leaver 
adds nothing to the force, that is, if two Leavers of unequal 
length, but divided alike from the Prop, that is, let the pro- 
portion of the diſtance in both be a like, the like effect follows 


in both. 
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PROPOS. XVIII. 
A Theorem. 


Hile 2 Powers ſuſtain a weight, whoſe Centre is above the Lea- 

ver, in a declined ſite, the lower Power bears the greater 
Weight. | | 
Fig. 40. Let the 2 Powers be A and B, and let the weight 
be above the Leaver and its centre C, and let the perpendi- 
| H 2 Cular 
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cular be CD: I fay, the power B ſuſtains greater part of the 
weight than if the Leaver were in an Horizontal ſite; For the 
weight always acts by a line perpendicular to the Horizon, as 
in this Cale by the line C E, when before it acted by CD, there- 
fore the weight becomes nearer the power B: wherefore the 
2 bears a greater part of the weight (by the prece- 
ent. . 

But if the weight be beneath the Leaver, the contrary hap- 
pens, as in the ſecond example, in which the weight hangs 
on the Leaver by the line I K, which weight inclines to the 
power E, and therefore in this caſe, the power F bears. more 
weight, than if the Leaver were in an Horixontal ſite; Laſtly, 
if the weight hang freely it will not change the ſite. and con- 


ſequently, neither power ſuffers by the declination of the Lea- 
ver Or Beam. 


PROPOS. XIX. 
A Theorem. 


| WE a power draws by a line oblique to the Leaver, its true 

diſtance is a perpendicular from the Prop, to the line of Di- 
rection. 18 

Fig. 41. Let the Leaver or Beam be A B, and the power 
drawing by the line B C oblique to the Beam, to which from 
che Prop F is drawn a perpendicular F D ; I fay, the true diſt- 
ance of the power to be look'd upon, according as the increaſe 
or decreaſe of the vertue, or force, is the line F D. 

The Demonſtration. Suppoſe the power to conſiſt in the point 
D, which draws the cord from D in E, and draw the line 
FE; In the mean time the Leaver deſcends in the point G 
draw the line EG, and becauſe in the triangles FDB, FEG, 
the tides FG, FB, allo FD, FE, and the length of the Chords 
RD, GE is the fame (by the 8th of the uſt. of Euclid.) all the 
angles will be equal, among which GF, BFE will be equal, 
and the common angle BF D being taken away, there remains. 
the angles GFE, D FB.cqual, and conſequently the arches 1 70 


. C 
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HI equal. But the arch DE according to which the po- 
is moved, is to HI or BG, or AK the motion of the weigh. 
as FD to AF: therefore the true diſtance, according to which 
the motion of the power encreaſes or dec-eafes in is the line FD, 
perpendicular to the line of direction; which was to be 
demonſtrated. 

But if the power be in the point C, and it move upon the 
Ci. cumference MC, it may eaſily be ſhewn that the arch MC, 
is equal to the arch B G, and conſequently in this cafe the 
true diſtance ſeems according to that which is lookt upon as 
its force, to be the line FG or FC, which would be contrery 
to the precedent part of the propoſition : But the line B C is 
ſuppoſed ro be flexible in the point G, and fo the power 
placed in C may move about the point B, as about a Centre, 
although the Leaver FG remain unmoved. Suppoſing then 
from the point B,as from a Centre,we deſcribe the arch CO, fo 
that the line B O, which may be imagined, be equal to the 
line BC; draw a chord from the point O even to M, fo that 
in the mean while the end of the Beam paſs from the point 
B, to the point G, and OM will be the true motion of the power, 
which I affirm to be equal to the line D E; For ſince DC or D 
O is one half part of the line C K, and E Mhalf of the line MG; 
then DO and EM will be equal, and that which is common 
being taken away, wiz. EO, then DE and MO will. be 
equal, wherefore the power in on that end of the line is not 
more moved than if it were applied in the point D, there- 
2 its true diſtance will be F D ; which was to be demon- 

rated. 


— 


Corollary. I. 


If the line BC be not Flexible, neither in the point B nor any 
other, but firmly adheres to the point B, the thing will be 
otherwiſe; for if you apply the power in the point D, its 
diſtance according to what is examined of the increaſe or de- 
creaſe of the force, will be D F, but if it be applied in the 
point C, its true diſtance will be the line FC, and its true mo- 
tion, according to which it moves, will. not be only the line: 
MO, but the whole arch MC. | 22 


Corollary 
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Corollary. II. 


Fig. 42. The line of direction which is perpendicular to the 
'Leaver is moſt apt to move, and by it the power hath the 
greateſt force that it can have at the end of the Lraver ; for 
let the Leaver be AB, the Prop C, and let the line of direct- 
ion B D be perpendicular to the Leaver A B: I fay, in any 
other line of direction, the power is leſs able; for let it be 
another line B E, which makes an accute angle CBE, and 
which conſequently falls within the circle, draw to it the 
perpendicular CF, which (by the preſent ) is the true diſtance 
of the power, and leſs than CB, wherefore when the Lea- 
ver draws by the line B E, it hath leſs force than by the line 
B D. Moreover let there be another line of direction BG, 
and the angle CB G obtuſe, and conſequently the other angle 
CB AH will be accute, and BH will be within the circle which 
| being divided in the middle in I, (by 3 of 3 of Euclid.) CI 
will be perpendicular to B H, and the ſame CI will be the 
true diſtance of the power; which ſince tis leſs than CB, the 
power alſo will have leſs force. 


Corollary. III. 


Fig. 43- The true diſtance of weights which draw by 
gravity only, is a Segment of the Leaver Horixontally placed 
between the Prop and the perpendicular ; let the Leaver be 
A B, the weight by its gravity drawing downwards in B: 
Suppoſe the line E F in an Horizontal ſite, and draw the per- 
pendicular B C; I fay, the true diſtance of the weight B is 
DC, for all heavy things draws by a vertical line to which the 
Horizontal line D C is perpendicular; I ſay, the fame if the 
weight were in the point H, the true diſtance would be DG. 
Whence it follows, that a weight depending on a Leaver Ho#i- 
⁊ontally diſpoſed hath greater force. | 

And here | will add ſomething out of the Learned Caſatus 
his Mechanics; ſays he It may perchance be pertinent to our 
preſent purpoſe, and not unpleaſant to the Reader, if I here de- 
clare ſomething of an invention: When I heard a certain man, 
declairing that a' Bell of a vaſt weight, was carried eaſily on 
Braſs Wheels, which by length of time were worn out, but 


by 
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by what artifice, or in what order they were diſpoſed, or made, 
he could not tell; Wherefore he conſidering with me how 
it might be done, I happened on this thought, that I eſteemed. 
the moſt heavy bell, might eaſily be repulſed, by diminifhing, 
or leſſening the reſiſtance, which ariſes from the wearing of 
the Prop, or Stay, and Axis together; For let B and C be two 
{mall wheels (Fig. 41.) of ſolid Braſs, whoſe diameters are in 

ſome different proportion to the diameter of the axis on which 
the bell bears, or lies; And let the ſemidiameter of the Axis be 
AE, and of the little Wheels BE, in proportion double, there- 
fore alſo the peripheries will be in the fame proportion, there- 
fore while the point I in N compleats a quadrant, the little Wheel 
alſo is turned about, whoſe periphery is equal ro half a qua- 
drant ; Wherefore if to the little Wheel there ſhould be fixt an 
Axis, whoſe Semidiameter BG is equal to the Semidiameter- 
AE, the rubbing or wearing will be made with z part of the 
Periphery of the Axis of the little wheel B; bur becauſe alſo 
in the little wheel C, the rubbing or wearing, will be made 
equal with the ſame Axis, almoſt nothing of moment is gained, 
becauſe the whole wearing is equal, as if the quadrant EO 
were turned about in a firm and hollow Prop: And it will: 
rather be a leſſening of labour in carrying the bell, if the little 
Wheels were fixed to an Axis: and ſince the Axis is Cylindrical, 
the ſubjected Wheels doubtleſs will touch in a line, a ſmall. 
part of the Prop; And the Axis of the Wheels ſuit or fit with 
their concave parts in the ſuperficies which are worn while the 
wheels are turn'd round: Unlefs by chance the Convex ſuper-- 
ficies of the Cylindrical Axis B G, be ſomewhat leſſer than the 
concave ſuperficies of the Wheel; and therefore they touch 
each other according to a line as(by ther 3th of the 34. of Euclid.) 
tis eaſy to demonſtrate, which doth not often happen. 

But tis not needful ro make ſuch ſolid Axes to the Wheels 

B and C, For if the axis A E is convenient to bear the weight 
of the whole bell, a pair of equal Axes will reſiſt or bear 
double the weight: Therefore tis ſufficient if each of the Axes - 
B and C, ſuſtain half che weight; Bur fince the reſiſtance of 
the Cylindars, leaſt they be broken, ought to be in triple proporti- 
on of their diameters, tis ſufficient to find two mean continual . 
roportionals betweeen the ſemidiameter A E and its half; 
or that which is next leſs to A E will be ſufficient, for the 

Semidiameter of a Cylinder having Subduple Solidity and reſiſt- 
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ance, but ſtill the Semidiameter requires to be leſs, becauſethe 
weight bears or preſſes obliquely on the Axes of the Wheels B and 
C; whence the weight of the bell on thoſe axes is according t) 
the lines A B, A C, and not according to the perpendicular A D;: 
Therefore as A D to A B, ſo reciprocally the weight on A B to 
the weight on AD; but the weight on either axis is as the ſub- 
dup!e (or half) Summ to the whole weight; therefore the 
weight on B A is leſs than ſubduple, and the proportion con- 
tinuing is made leſs; For when the Semidiameters A E and B ' 
E are given, the whole B A is known; and BD, and allo its 
equal BE is known; therefore (by the 47th. of 1ſt.of Euclid. ) 
alſo A D will be known, whoſe quadrate you will find, if from 
the Square of B A you ſubtract the Square of B D. 

Therefore if by Hypotheſis, B A, be 3, its Square is 9; and 
BD 2, its Square is 4, Which ſubtracted from 9, there remains 
the quadrate 5, whoſe root is 2,23 and is the right line DA: 
The weight therefore on BA to the whole weight of the Bell 
on both axesB and C, is as 2, 23 to 6,00: But becauſe the 
reſiſtance of like ſolids is in triplicate proportion of their homo- 
logal ſides (and in Cylinders the proportion of their diameters is 
had) if you ſeek two mean proportional numbers between 6, 
oo and 2, 23 Which you may do if you draw the quadrate of 
one extream into the other extream, for the Cube root of the 
product is the term next to that number whoſe ſquare you aſ- 
ſumed: Therefore firſt, the Square of 6, oo being 36, ocoo, 
draw it into 2, 23 and the cube root of the product 80280000 
is 431, 4: But the quadrate of the other extream 2, 23 is 49729 
being drawn into 6, oo, gives 29837400 whoſe cube root 3 10, 
is the other mean; Therefore the 4 numbers 600, 43 1,3 10, 223, 
are continual proportionals, the fractions being ſlighted; 
Wherefore if you male it as 600 to 431, fo the ſemidiameter 
AE to BN; this ſemidiameter ſought will be ſufficient to bear 
the weight, 5 

And becauſe B E is the double of A E, and AE to B N is 
made as 600 to 431, BE will be to B N, as 1200 to 431; And 
according to this fame proportion will the Semiquadrants be 
that are deſcribed by them. But the eighth part of the Peri- 
phery from the radius B E, is equal to the quadrant from the ra- 
dius A E; there fore the quadrant E O to the Semiquadrant of 
the radius B N, is allo as 1200, to 431, Therefore if the rubing 
upon of the axis ot the bell with the fixed Prop and hole, be 1200, 
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the Wheel B with its Axis is 431, to which the rubing upon of 
the other Wheel C with its Axis is equal; and therefore the under 
Wheels the diameter whereof is only double to the diameter of 
the axis of the bell, the rubing upon is as 862 to the rubing up- 
on which is as 1200; If therefore the diameter of the Wheels 
to the Axis of the bell be not only double, but triple or quadruple, 
the rubing upon will be much leſſer, and the facility in carrying 
the bell greater. 
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Fig. 45, 46. Xes in Peritrochio, Which in Latin they call 

| Suculum, or Windlace ; It conſiſts of a Cylin- 

der, or round piece A B, to which is fixt an Axis C D, ic hath 

alſo handles or radius's fixt ro the Cylinder ; about the Cylinder a 
rope is turned to which the weight is faſtned; ſometimes the Axis 
C D, is 3 to the Horizon, as in Fig. 46, and ſometimes it is 
perpendicular to the Horizon, as in Fig. 45. and may be variouſſy 

made, and yet its eſſence; or being, remain unchangeable, and 

the ſame power perſevering in augementing ; For whether 

the handles be immediately fixt to the Cylinder, as in Fig. 46, 

or whether they be fixt to the Circumference of the Wheel, as 


in Fig. 45. it differs little, for the true length of the radius 
is the diſtance of its end from the Axes. | 
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PROPOS. I. 


A Theorem. 


i” 


5; has Wheel or Axis in Peritrochio, is a Ballance or Leader. 

Fig. 47. Let the baſe of the Cylinder be A B, its Cen- 
tre, or the Common Section of the baſe and Axis the point C, 
which when 't is immovable hath the force of a fulciment or 
Prop, let the weight hang from the point A, and the Power - 
in D, I ſay there will be found a Ballance or Leaver of che firſt - 
kind, for although the handle B D be not always fixt in the 
ſame plain wherein the weight A is found, nevertheleſs it de- 
ſcribes an equal Circle to that which it runs over, if it exiſt in 
the ſame plain; and therefore is found tobe a Ballance or Leaver - 
of the firſt kind, And the ſame Propoſitions which we have 
made of the Leaver may be applied to this Engin, ſince the 
increaſe of the motion of a power above the motion of a 
weight is the ſame; Therefore (by the firſt principle of this) 
the increaſe of force is the ſame : But in the - ſecond caſe - 
in which the weight depends on the point F, the Prop is in 
H, and the Power in G, tis a Leaver of the ſecond kind. 
But if the power be in the point K, the Prop in L, and the 
weight depend on the point M, as yet it willbe found a Leaver 
of the firſt kind, but being thus diſpoſed, the force of the 
Power is diminithed.. | 

Laſtly, If the Fulciment or Prop be in the point O, the Power 
in P, the weight in R, it will be found a Leaver of the third 
kind, wherein the force of the weight is increaſed, and the 
force of the Power leſſened; notwithſtanding, this diſpoſition 
is not unuſeful when the power exceeds the weight by a lon- 
ger interval or ſpace. Gs 


Corollary... 


Book III. Mechanick Powers 49 
Corollary. I. 


If the Power be to the weight, as the Semidiameter of the 
Cylinder to the _ of the handle, or radius, the power in 
ſuch diſpoſition will be in Equilibris with the weight: And! 
ſuppoſe the Power to be applied in the extream or end of the 
radius, and to force the handle always perpendicular; The rea- 
ſon is clear, becauſe (by the firſt Principle of this) tis then in 
Eguilibrio, when the Power is to the weight, as the motion 
of the weight to the motion of the Power reciprocally. But 
the motion of the weight is to the motion of the Power, as 
its diſtance from the Axis, to the diſtance of the power 
from the ſame Axis : For while the power abſolves one cir- 
cle about the Axis, the rope alſo is once turned about the Cy- 
linder, and the weight abſolves an equal motion to one circum- 
volution, or one Circle of the Cylinder, but Circles are to each o- 
ther as are their Radius's, Therefore if the Semidiameter of the 
Cylinder be to the length of the handle, as the power to the 
weight, it will be in equilibrio, and the power will ſuſtain the 
weight; which was to be demonſtrated. | | 
But that the force of this Engin may be the better concieved, 
take the Semidiameter of the Cylinder, and compare it with 
the length of the handle, which take from the Axis to the point 
in which the power is applied; and as often as the Semidia- 
meter of the Cylinder is found in the length of the handle, 
ſo often is the power multiplied; that is, let there be a man 
in Equilibrio with 100 pounds, and let the Semidiameter of the 
Cylinder be 10 times found in the handle; I ſay, the ſame man 
can with this Exgin ſuſtain x000 pounds. 


Corollary. II. 


But if there be a greater proportion of the power to the 
weight, than of the Semidiameter of the Cylinder to the length 
of the handle, the Power Will raite the weight; for greater 
force is required to move a weight, and to overcome its reſiſt- 


1 


ance, than to make it even, or level. 
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In like manner if there be greater proportion of the length 
of the handle to the Semidiameter of the Cylinder, than of the 
weight to the Power, the power will be ſuperior to the weight: 
and overcome. its reſiſtance. 


Corollary. III. 


* 


if the power move the handle by a line, not perpendicular 
to the ſame; Its true diſtance from the Axes or Prop will. be 
leſſer: As if in Fig. 48: the handle be BC, and the power 
draws by the oblique line CE; the true diſtance of the power 
according to which we ought ro meaſure its increaſe or aug-. 
mentation will be the perpendicular B D ( as is ſhewn.at Propo- 
{tion 19, of a Ballance or Leaver. ) | 


Corollary. IV. 


IF a rope be ſo turned about a- Cylinder that it makes the 
folding ſpiral;or that one Spiral folds on another, it makes the 
difficulty of drawing greater, or increaſes the force of the 
weight; for when the Semidiameter of the Cylinder is increaſed, 
it makes the proportion of the length of the handle, to the 
Semidiameter of the Cylinder leſs ( by the 1oth. of 5th. Euchd. ) 
or, that. I may ſpeak more plainly, the Semidiameter of the 
Cylinder, is not-looften found in the length of the handle; if it 
happen that the Cylinder be not long enough to hold all the 
Spires, but it ſhall be needful to put one Spire upon another, 
ſince thoſe Spires ſo put upon one another, neceſſarily in- 
creaſes the Semidiameter of the Cylinder, the ſame weight will 
haye unequal force, and will ſooner move the Clock or Watch, 
| whence it follows that the firſt hours are unequal and ſhorter; . 
f But if any one would have (for example) the third hour 
| ſhorter than the reſt, let him increaſe the Eylinder of the Tym- 
_ e the Spire Which anſwers that hour and he will have 
Hi deſire. 


— — 3 — 


| 5 Corollary. 


Book III. Mechanick Peri. 
Corollar 3 


Fig. 49. From this propoſition you may underſtand where 
fore in watches, which are not animated by weights, but by 

ſpriogs, wherefore I ſay the Cylinder about which the ſtring or 
chain winds is not made Cylindrical but Conical, as in this figure, 
for when the ſprings in the beginning, are more ſtretched than 
towards the end, therefore they have greater force than the 
reſt; In the beginning they ought to draw by the Apex. of the 
Cone, that is, then chere is but a ſmall diſtance from the Axis, 
but in the end they draw by the baſe of the Cone, in which 
part there is a greater diſtance from the ſame Axis; to wit, 
that greater force draw ing from a leſſer diſtance, or in a fmall- 
er motion, may be equal to the force of a leſſer drawing from 
a greater diſtance: For let the force of the ſpring in the be- 
ginning of drawing, to wit, when *tis moſt ſtretched be equal 
to one pound weight, and in the end equal to the weight of 
4 Ounces, or part of a pound; the Semidiameter of the 
Circle of the Cone in which the String or Chain is knit, in the 
beginning of drawing ought to be + part of the Semidiameter 
of the Cones baſe, according to which-the drawing is made 
in the end, for thus the force in each caſe will be equal and 


will draw. uniformly.. | 
Corollary. VI. 


Eg. 50. Hence may eaſily be ſolved a queſtion oftentimes: 
propoſed to me, to wit, whether the ſame weight hanging on 
a long cord hath more force than if it hung on a ſhort cord; 
or whether it be harder to draw the weight A than the weight 
B, which I ſuppoſe to be equal; The reaſon of the difficulty 
| ſeems to be becauſe the weight A is farther: diſtant from the 

Axis of the Cylinder than the weight B, and therefore ſeems to 
require more force; therefore we fay not any diſtance from 
the Axis is the meaſure of the increaſe of force, but that only 
from whence follows greater motion; therefore whether the 
weight exiſt in A or in B, while the Cylinder is turned round 
once, the weight aſcends. according to a line which is equal. 


— —— wo 


diſtances. 
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to the Circumference of the Cylinder; therefore in each caſe 
the weight is equally moved, therefore equally gravitates; not- 
withſtending I exclude the weight of the rope, or cord. 

But if theſe weights hang not freely, but the lines BD, AC 
ſhould be of rigid matter and inflexible: Becauſe while the 
Cylinder is turned about, the weight A deſcribes a greater 
Circle than the weight B, the ſame weight A will have greater 
force than the weight B, according to the proportion of 


* 


* 


PROPOS. II. 
A Theorem. 


W a power atteth by the force of its um pravity, the in- 
creaſe of the Power doth not always ought to be required from 
the diſtance of the Axis. 55 


Fig. 5 1. Although we have toucht upon this propoſition 


already : Nevertheleſs we will fit it peculiarly to this Engin, be- 


cauſe that 'tis already known, and in common uſe with ftone 
diggers; the Machine or Engin conſiſts of a large wheel into 
which men enter, and in which they walk, alſo a Cylinder 
about which the rope is turned about, and an oblong neck, 


in whole extream or end is a Pulley to direct the weight; It 


may be queſtioned, whether the force of the power of ihe 


movent applied in the extream of the Wheel be increaſed, 


according to the proportion of the Semidiameter of the wheel 


to the Semidiameter of the Cylinder ; th which I anſwer, ir is 


not ſo, for when a man walks in a Wheel, and moves by 


gravity, to wit, by a line tending to the Ccritic of the Earth, 


applied in divers parts of the wheel, yea, often times almoit 


under the Axis, Its true diſtance is not to be t ke according 
to the Semidiameter, as if the man were walking in che point 
A, when he moves by the line A B, his true diſtance is CD; as 


is ihewn in Propoſition 19. 


PROPS. 
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PROPOS. III. 
. A Thorem: 
Of the windlace placed vertically. 


& Lthough ir matters not much how a Windlace is 
placed as to its ſite or poſition, yet a Windlace 
whoſe Axis is vertical hath this peculiar property, that it may 
be wrought by animals only, becauſe that (properly ſpeaking) 
animals only have their motion Horizontal, although alſo ſome 
mills are made in which water moves the Windlace vertically, 
yea, and the wind alſo, as we ſhall ſhew; I have often wondered 
that theſe kind of Vindlaces are no oftner made uſe of in 
buildings, ſince by the help of a horſe only, greater ſtore of 
Stones, or Bricks, or Morter, may be conveighed to the upper-- 
parts of the building, than by 4 or. 5 men; Wherefore a ver- 
tical Windlace may be worked with a Mill-horſe, and about the 
Cylinder a double rope may be turned about, in a contrary man- 
ner, fo that in the mean while that one weight riſes, it ſends . 
down the other Inſtrument. The force of this Machine will be. 
very great, for when a horſe can carry more than 300 weight, 
he will draw much more, or raiſe by drawing; we will ſup- 
poſe 500 weight, and his force increaſes according to the Pro- 
portion of A C to AB; and for the moſt part AC contains 
10 lines of A B, from whence it will be, that one horſe alone 
may raife oοο pound weight; but if the weights ought not 
to be ſo great, and ir ſeem better to raiſe more imall weights 
with reſpited force, than to take up a great weight together, 
and at once, teſt che ropes be broke, then you may increaſe 
the Cylinder A B ro any thickneſs that you pleaſe, for then you 
will lelſen the force of the power, and. ſooner take up the 
Weight. | 8 Red 

' Nevertheleſs becauſe in this Machine or Engin there ſeems . 
this incom modity, that the weight being elevated, the Vind- 
lace ought. to be turned the contrary way, and there would 


Fig. 5 2. | 


— 
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be ſome loſs of time, to turn the horſe the contrary way; 
firſt *ris certain that if men were placed to this Windlace, that 
inconveniency would ceaſe: But if yet you would uſe a horſe, 
make a compounded Machine or Engin of two Windlaces, hav- 
ing two Cylinders with teeth, or toothed Tympanes, Which ver- 
tical Windlace may move the other Horizontal, fo that if the 
cogs or teeth of the Cylinder be put to the other, the Cylinder 
will be moved on one part; but if it incur in the other 
Cylinder, the Cylinder will be moved with a contrary moti- 
on; and 'tis eaſy ſometimes to move one, and ſometimes 
the other Cylinder, with a moveable Leaver about the cardinal 


point. 

Fig. 5 3. This vertical Vindlace is commonly uſed by ſea- 
men, chiefly in great ſhips, ſo that thereby they take great 
weights into ſhips, and draw out great anchors which require 
great force, both by reaſon of their weight, as alſo to dig them 
out and draw them from the earth, wherein they tick faſt; 
where in one thing is to be noted, that becauſe the Cables 
or great Ropes are oftentimes ſo thick, that if they are rolled 
about the Cylinder, and Spire is put upon Spire, they grow to a 
great mole, and render the Engin ulcleſs, therefore they turn 
only 3 Spires or 4 at moſt about the Cylinder, ſo that while a 
Seaman turns one end of the rope round it, the other is rolled 
away; And that it may always conſiſt in the middle, nor run 

through the whole Cylinder, the Cylinder is made broader at 
the ends after the manner of a Cone, as you may ſee in the 
Figure, for ſo the rope is kept in the middle. 


Pig. 54. There are reduced to the vertical Vindlace or Axis 
in Peritrochio your leſſer water mills, in which the water diſ- 
poſed in the wheel forces it ſo, that the Wheel is moved 
_ Horizonrally, and its Axes vertically; We uſe this Engin when 
great ſtore of water is not at hand, and the greater the wheel 
is, the greater will the ſtrength of the water be, according to 
the proportion of the diameter of the Wheel to the diameter 
of the Mill; But in the fame proportion decreaſes the velocity 
of motion in the Mill, for each turning round of the Wheel, 
anſwers each turning of the Mill, from whence it happens that 
Ereat care muſt be taken that the Wheel be not made greater 
than is requiſite, for if it be there follows a ſlowneſs in the mo- 
gon of the Mill, and the Engin is rendred leſs uſefull; likewiſe 
N if 


A 
* . Ba a 


3 


abet Pon my 85 


a g #4 


nce. . the Mill 
Ogre. Mere Will be no motion. 14 | 

To the ſame Fn e are recalled other be which haw- {4 
ſoeyer expoſed, ro the wind, always turn round; for to wha 
wind ſgever on one part, the Concavity of ache L littl 
turns, the convexity; of the other is alſo 7 as if t 1151 
blew 'dite&ly according to the line A B, The, wind will touch 
che Concavity of the little hand A G B, andethe a0 of 
the little hand B A, bur then it makes greater impreſſion while 
it incurs in the Concavity, than while in iche Con exit; . 
then it eaſily ſhps away, this Wheel is turned from A by G. 
B: And the impreſſion, of the wind may alſo cafily be hingree 
in rhe little l ands A, and then it will be turned more vehe- 
mently, to wit, if there be placed ſome obſtacle. .. . 

This. kind of Windlace We. as often 52 we uſe vis Aria, 
but chiefly, v we. uſe Mir Hott when WE work K Engins, ſuch. as 
et we grind e LY Corn. BR or Nuts, or Olives, 
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Ent ple, bur rhar oft rimes tl 12 contain a double 

Filth bf the fache kind; 1 ſhall not inſiſt upon che Compo 

ſition, nnch may be made from a double or triple ballance, or 

leayer; becauſe for the molt part ſuch. compoſure is uſclets,, 

Wllehce the Alt), Compotition which may be made for ule is 

the dbuble' wih, And ſometimes a triple one, according ; 

as the thing requires: But becatifſe as we have ſaid, the Wind- 
lace is recalled to a leaver, and' that continually, therefore, it 

Will net be bnprottable briefly to note, how wonderfully a 

power is augmented 5 uſin 105 a double Leaver ; for let the 

0 


leaver de AB, its Prop C * AC be to CB, as 10101; 
Sure 
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Sure it is the Power applied in the point A, is equivalent to. 
ro Powers equal to it ſelf, applied in the other leaver D F, fo 
that EF be to DE as 10.to 1 ; the Power placed in F is equi- 
valent to 19 Powers equal to it ſelf, in reſpect of weight con- 
ſtituted in D: But if the leaver DF impells the leaver AB, 
the Power F will be equivalent to 100 powers equal to it ſelf, 
in order to a weight conſtiruted or placed,in the point B: 

And the reaſon is clear, the point F hath 10 times greater 
motion than the point D, but when the point D is conjoined 
with the point A, they make the ſame motion; but the point 
A runs through to times a greater ſpace than the point B: 
Therefore (by the firſt principle of this) in ſuch diſpoſition of 
the Engin, the power conſtituted in the point F will be equi- 
valent to 100, equal to it ſelf, in reſpect of weight placed in 
the point B. | 

Fig. 56. Which Doctrine is applicable to Windlaces, if they 
are fitted in the ſame manner; as if the handle A C be 10 
times greater than the Semidiameter of the Cylinder B, and 


the Rope annexed to the Cylinder 83, moves the Windlace E, 


by the end of the handle D F, which alſo is ro times as great 
as the Semidiameter of the Cylinder E: I ſay the power A is 
100 times encreaſed with reſpect to the weight G, which is 
manifeſt. 3 | 

Fig. 57.. Notwithſtanding, becaufe in this diſpofition the 
Cylinder E abfolves only half the turning about, therefore- 
this Engin is rendred uſcleſs in many effects: Therefore if you. 
would know the diſpoſition in which the leaver DE may al- 
ways draw, this will. be, if the Rope be made (as they call it) 
perpetually turned round about the Cylinder A, encompaſſing. 
the Wheel BC of the Cylinder D, and this Engin may be 
moſt _ufeful; efpecially when the two Cylinders A and D are 
diſtant from cach other a great ſpace ; nevertheleſs it hath: 
this. inconvenier ey, that oft times it happens that the Cylinder. 
A is. moved alore although the Rope draw not; and therefore 
they make the Cylinder A, rough with hollowings, and alſo. 
they make knots. or balls in the Rope which enter into the 
hollowings, and, ſtay the Cylinder that it cannot move alone, 
as in the Figure E appears plainly. | 

Fig 58. Weufe the fame Engin, but in a contrary. manner. 
when the power overcomes the reſiſtance of the weight by a 


Dong {p.ice, hut a molt lwitt, motion is demanded ; as if the 
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BookHE Mechanic Powers =. 
rearer Wheel be A about tvrhich the Rope is folded, and alſu 
Toki the leſſet Wheel B, whoſe. Di is contained rc times 
in the greater Diameter: Tis certain that every circumrolution 
of the greaxer will anſwer 10 Circulations of the leſſer; but 
in this diſpoſition the power is leſſened; that is, if the power 
as 1 be applied at the handle C, you may determine to raiſe 
ſome weight hung tothe Cylinder D, there will be required 
a power lo times greater to take it up, if it be, hung on the 
Cylinder EI. Howbei this Engin is very uſeful, becauſe oft 
times a power overcoming a reſiſtance ſuſtained by a great ex 
ceſs, cannot otherwiſe conveniently be applied: So they which 
ſharpen Knives, and other edge Tools, on a Grindſtone, have 
greater force than to overcome that reſiſtance, whereby the Iron 
reſiſts the motion of the Stone while it 1s held upon it, and 
requires a ſwift motion only, which cannot be produced from 
the power in like manner, becauſe tis impoſſible to move the 
Arm ſo ſwift: In this caſe an Engin muſt be uſed, which en- 
creaſes the motion; although it leſſen the force of the power: 
This Engin is eaſie, and much uſed, and chiefly of Women 
which Spin; alſo when they draw out Silken Threads, or 
double them ; alſo of thoſe that polliſh pretious Stones, Of 
Turners, and of many others, and I wonder that tis not uſed 
by more. 03 5163 5003-53 Aa 1G: 1 } 3 0 2 
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Fig. 59- Fs 1] Wheels are recalled to Axis in Peri. 
1 "© rrochio, and are eaſily underſtood: by à perpe- 
cual leaver; wonderful is che increaſe of power in uſing ſuch 
For ſince that while one Wheel | is 10 times turned 
about, the other is but only once turned round, it cauſes each 
Wheel to increaſe in a decuple 1 therefore as ſhal 
nn 2 | _ be 
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be emen deln ellewhete; ainanbecatefiiiigiafty 0 
- metical Figures; is grenter than the number OL. Bade whi 
the whole Gircuit of the Firmament eanrredtitaing: durinhe- 
nutmberiof each Figure added} increaſes in in decuple propoti- 
on, and from the ine power follows. Di nortoghh 2101 i 
Tpbe Demonſtration. ber there hi a. power in A which Can 
draw to it ſelf 100 pounds, and let C Dqbe ac times the Semi- 
dumeter E F, and let chere he ſo man Teeth n che 01 
G; that EF det rihe 1c otbs in the ſame time that 
Wheel G. deſcribes one ; Moreover let: G e 10 times durneñ 
round while the Wheel: 'abfolves: one eircumvolution, and 
ſo on; I ſay, the POWer; a8. 10⁰ . A, is _ OR. | 
a weicht or 1106600 (PLUNUS: #1209101 7 

For 1iſinceirhe-power in runs through ws 10 3 
greater chan the little wheel EF, and the littie Wheel EF, ro 
times of the little Wheel M, and the little WMherl M16 
times more than N, and this again ro times more 
Cylinder GH: he power A — — times greater 
ſpace than the weight P; but tte power is ãncreaſt according 
to the proportion whereby its motion exceeds the motion or 
the ht (by the ſirſt principle of this) therefore the power 
A in of the weight P. is equivalent to 1oοοο poοw-werns 
equal. to it t ſelf: but A is ſuppoſed to be able to draw toit felf 
100 pound, therefore tis equivolent to 10000 powers which 
can each draw. 100 ; but. 10060; of ſuch powers can draw 
1000000 Therefore the power in A, by the help of this: 
Engin. can draw. 1990090 pounds, which was to be demon- 

rated. 

But on the contrary the weight oſs as much of its force;. 
whence if inſtead of the weight P, a power be placed which - 
can elevare 100000 pounds, and the weight in the point A 
dan only elevate a. weight of one pound, but the loſs which 
the power A. fuffers, is in time, for it ought, co make 1000 
Circumvolutions in the fame oor. or rime > that the. gen 
1. abſolves G 
Allo this Engin is 8 changed, as W 
abounds in the: power, ard a moi; ſWift motion is * in 
the weight, which may cafily be underſtood by the foreſaid. 
diſcourſe, to wit, if the handle he in the Axis I, tis certain, 
that the Axis DE makes 1000 > Cincumpalationt in LAOS 


time that, Lacky — 


n 22 


A Theorem. 
I. l Tot hel Weets to the Diver, 


60. HE whole mult ication: of a power b biel: 
*. 8 of Wheels, is eaſiy to recall to E rh 5 
chat diligently conſiders the nature of Wheel, may eaſily con- 
ſider: the perpetual leaver in them, for each Cog of the Wheel 
is a Leaver, which are ſubſtituted to chemſeſves by turns, ſo 
chat one being deficient another ſuceeeds it. 

And that we may conſider the ſame in the Mulciplicarioh of- 
leavers, let there be 3 leavers: AB, DE, IH, and let AC be 
to CB a8 toto; in like manner DFto FE, and EI ro IH: 
I ſay che power 28 1 in H in reſpect of the weight A, Is e- 
quivalent to 1000 powers equal co it felF. 

The Demonſtration.” HI is 10 times more moved tlian E or P, 
and E 30 times more than D or B, and B 10 times more than 
A; Therefore the motion of the power in H is 1000 times 
more than the motion of the weight in A: but if there ſhould: 
be only one leaver K M ir would be otherwiſe, for the leaver 
EM would be only: zo times the part KL, and fo the 
Powe: -* M would de equivalent only to 30 powers equal 
ro 4 * Pract 

To this kind are recalled almoſt all Engins of any moment 
which we commonly uſe, and whict in the following pro- 
poſitions I ſhall explicate, the Forces whereof if any one 
would conſider, in general he muſt meaſure both the motion 
of the aight, and of the 7 and dae Bs e 
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PROPOS. VII. 
A Theorem. 
Of Engines moved by Water. 


Fig. 61. & Mong others thoſe Engines are moſt uſeful, 
8 which are rather moved by Inanimate things 
than by Animals; becauſe that Inanimate things want not 
nouriſhment, and are never tired or wearied; but Inanimate 
things which are wont to Animate Engines, are likewiſe all 
thoſe things which cauſe Motion, as Water, Wind, Smoak, any 
kind of Weights, Springs, &c. In this Propoſition I ſhall briefly 
handle thoſe Engins of that kind which are moved by Water : 
And I find that Water can move an Engin in a double manner, 
either by an acquired force which can equalize a percuſſion, 
or {imply by weight or gravity, thus ſome Wheels are made 
'which bear Water on one part; in which tis requiſite to know 
the preciſe proportion of the Axis in Peritrochio: So that the 
weight of the Water may have the exact proportion of the 
Power, and we ought to meaſure its force by the diſtance 
from the Axis, which in ſuch caſe the forces of the 
handles bears: but when running Water moves an En- 
gine or Machine not by force of weight, but by acquired 
orce, that is done either becauſe Water is conveyed by a plane 
much inclined, or running into wings, or little hands, but 
which method is beſt we will examine when we come to treat 
of Hydraulic Engines. 
Fig. 62. But tis certain that greater Wheels have moſt force, 
for when in Windlaces the power is moved by a longer handle 
its force is increaſed, but likewiſe a requiſite time is increaſt, 
whence I often find in common Mills unneceſſary Expences laid 
out, to wit, they make the greater Wheels winged, in which 
the Water daſhes, alſo becauſe a flower motion ſhould follow in 
the Mill, they add a greater toothed Wheel which runs into a 
leſſer; ſo that while the greater makes one revolution, the Mill 


makes 
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makes 8 Circumvolutions; It is ſufficient that the firſt wheel 


AB, equipt with little hands, be made leſs by one half, 
alſo the wheel CD to be + of that; fo that EF ſhall make 


only 4 Circumvolutions in each rotation of the greater wheel 


AB; for the Water hath the fame force in reſpect of the Mill 
E F, in moving by only 4 turnings about, and the Water will. 


twice as ſoon turn the wheel. AB, being leſſer by half; and if 


we weigh or conſider all theſe things exactly, and according 
to Mathematical Rules, the ſame thing would happen if 
the wheel A B ſhould be eight times leſſer, likewiſe C D ſhould 
be 8 times leſſer; ſo that each Circumvolution of the Toothed'; 
or Cog wheel, ſhou:d anſwer each Circumvolution of the 
Mil EF. | 85 

Which things, as I have ſaid, are true, preciſely ſpeaking, 
notwithſtanding we muſt conſider one thing, vis. That greater 
wheels becauſe they depart leſs from a right line, therefore 
their little hands are longer forced by the Water ; but in leſſer 
wheels each little hand is fooner elevated, whence in all theſe 
ſome mediocrity ought to be obſerved. 

Fig. 63. Not only Mills; ror, arioding of, Corn, but alſo: 
moſt other Engines, yea, almoſt all which are made in Water. 
are reduced to this kind; Firſt, all Mills for Corn, which are. 
made on the banks of Rivers, or thoſe that are made in little 
Ships, and in the middle of Rivers, or other Engins which are. 
for grinding of Nuts, or of Bones to powder, &. Alſo Engines. 
to make Paper, in which a wooden Cylinder of ſufficient mag- 
nitude ſtanding out, farniſhe- with Ilttle troughs, takes up 
wooden Mallots, which bruiſe and break whatſoever is laid. 
under them to powder; your Gum powder Mills in like manner, 
conſiſting in a Cylinder, equipt with like troughs, which take 
up Peſtles of Mortars; for in all theſe we muſt conſider Axis, 
in Peritrecbio, as well in the wheel which the Water förceth. 
or driveth, as in the Cylinder and. its troughs, taking up Mal- 
F bar 3 

Fig. 64. Likewiſe Mills for Iron, in which allo a Cy linder 
equipt with litt le hands, takes up and lets down an Iron Mal- 
N / tron Hare ar 

Fig. 65. And theſe ate of divers kinds, according as they. 
are Jiverlly required to be made, for ſome are greater, and 
fome are leſſer, ſome pound oftner than others. n 
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Fig. 66. Saws alſo which are drawn up and thruſt down 
by the handle; alſo there is another part of the Saw which 
belongs to another kind, wiz. to the Screw, Alfo Engines in 
which Bellows are wrought, or blowed, which belong ro the 
fame manner, as to motion upwards and downwards, but if 
four pair of Bellows are to be blowed together, the Axis ought 
to be made turning, or bowing, four oppoſite ways, that they 
may be moved in any order, and in each Quadrant. 
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PROPOS. VII. 
A Theorem. 


. Of Engines that work by the gravity of Weights. N 


A ſo Engines are moved by Weights, and the force of their 
{ Gravity, as are our Clocks, notwithſtinding I ſhall fay 
in general, that all thoſe Engines are not fir to augment the 
force of Powers, but to ſhorren time, to wit, that that may 
be done in a ſhort time, which was wont to be done in a 
whole day; that is, let an index of hours be moved in a Whole 
day, that it may ſhew the hours properly, if a man ſhould 
undertake that without an Engine, he would ſpend. the whole 
day; a weight being ſubſtirated by a man in one minute, in 
drawing or winding, up the weight, uſes. as much force. as 1s 
neceſſary to move the Hand or Needle the whole dax. 

The fame l fay, of Engines for the turning of Spits in con- 
venient places, which have nothing peculiar but their motion 
of ſtaying, or ſtopping, which we ſhall treat of hefeaſter; and 
theſe Engins are made after four manners, viz. with Weights, 
with Springs, by Sizoik, and by fome i ee walking 
in a Wheel; of Weigtits and Springs'T fhall ſay nothing, for 
tis moſt certain I have found nothing in them mofè thin'too- 
thed Wheels, and Axes in Peritrochio; and the Animals which 
are commonly made uſe of for the turning of Spits, are Dogs, 
but Geeſe are better, tor they will bear their Labour longer, 
ſo that if there be need they will continue their Labour 12 
Hours. | Prop- 
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"PROPOS. IX. 
A Theorem. 
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Engines moved by Smoak. 


Fig. 8 which are turn'd by Smoak, ſhew plainly 

how much force is increaſed by Axis in Peritro- 
chio, for what force can there be leſs to impel and move a 
Weight than Smoak, nevertheleſs while this runs into the v in- 
ged Wheel A B, all whoſe wings are bent in the ſame part, 
if the wheels are ſo fitted, that while C D. makes four or five 
Circumvolations; the wheel E makes one; and in like manner 
while the wheel E, or that annext to it P, is turned four or hve 
times, the right line G is only once turned; A B makes 25 circu- 
lations in the ſame time that G, viz. the Spit makes one, I ſay, from 
this multiplication of motion in the power, to wit, in the 
Smoak, or in the wheel, into which the Smoak enters, the im- 
pulſive force of the Smoak- is increaſed 25 times, with reſpect 
to the reſiſtance of the Spit placed in the point G, and I do 
not wy any thing more in this Engine worth our taking no- 
tice of. wi 
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PROPOS. X 
A Theorem. 
ts Of Engines working by the Wand. WE 4 
Fig. 69. THe reaſon is the fame of Mills turned by the 
ER Wind; in which alſo the fails are bent in the 
ſame part, for they are not directly oppoſite to the wind, but 


every one in on? and the fame part are ſome what can, 
bi HI e almoft 
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almoſt in the ſame manner that Boys make paper Wheels on 
a Reed; fo that while they run and hold it in the Air, tis ea- 
ſily turn d, and becauſe the force of the Wind and the vio- 
lence is very ſtrong, the Mill makes more turnings about than 
the winged wheel in a contrary, manner, as in the precedent 
Engine. And the ſame queſtion may be made of this kind of 
Wind-mill, which is made of common ones, to wit, whether 
they may not be more compendiouſly compoſed than com- 
monly they are made; for ſince by the myltiplication of the 
Wheels the motion of the Mill-is increaſt, whether or no ig. 
would be better to make leſſer wings, whence it will come to 
paſs that the firſt Wheel+ will compleat its .revolution ſooner, 
and therefore there will not need ſo much multiplication of. 
the Wheels, that the-firſt Mill ſhould obtain the ſame motion; 
tis alſo worth our conſideration that the wind is not applied 
in one place only, but almoſt in the whole wing or ſail, and 
therefore the greater tlie ſail or wing is, the wind will not 
only have the greater force, becauſe that it makes greater mo- 
tion in the extream with reſpect to the motion of the mill, 
but alſo more plenty of wind is adhibired, whence I think 
tis better to uſe longer wings or ſails than ſhorter. 
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The Art of Melle depends on Axis in Peritrochio. 
YO reckon up all the Arts which depend on Axis in Peri- 
trochio Would be à thing not unpleaſant, but almoſt an 
endleſs piece of work, and would be rather like a Hiſtory than 
a Theorey, in which I chiefly write of the principal cauſes of 
Engines, ſhewing by what ingenuity every one may deſign or 
contrive Engins after his own manner, meet for the purpoſe. 
And I ſhall. inſiſt a little on the making of Mills, that we may 
know how great profit we. receive to the commodity of life 
from Axis in Peritrechio , and although thoſe that are chiefl . 
ordained, are Mills for grinding of Wheat, and other Seeds, that 
bread may be mad of flower, yet ſome part of them are 
dgſig ned to otheꝝ uſcs; tor as much. as the outer Wheel is 
common to all, which, by water running into. it, tunns it and 
the Axis about. For if Wool, or Hemp, ar Flax, be to be 
pounded, or any body ground t Powder, it. eld Rags are Wo 
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be beat to pieces to make Paper, little pegs or pins are fixt to 


the Axis, which in turning about meer with the pins of Fe- 


ſtles and raiſe them, and depreſs them, and their weight fall- 
ing on the matter laid underneath, either batters or breaks it 
to pieces, or beats it to powder in Mortars. 

In the fame manner Peſtles may be diſpoſed to match with 


their hollow Cylinders, which being elevated by the little pins 


of the Axis, attract the water into the hollow Cylinders, or 
ruſhing in naturally they ad rut it through the Cells, then 
falling down by their gravity, they preſs the Water through 
the Tub, and force it to afcend to an higher place. Or if 
you like nor Peſtles fo n heavy, and would force Wa- 
ter to a higher place, diſpote a 7 of Peſtles by a Rope, or 
Chain, put through the hollow of the upper Wheel, and paſ- 
ſing over the Periphery joins them, or rather overthwart, 
like weights joined to a Beam, ſo that while one is depreſt the 
other is raiſed. And the pin of the Axis depreſſes the Peftle 
by whoſe force the water aſcending. in the Tub is preſt, a 
the other Peſtle being lifted up draws the Water placed beneath, 
which in like manner is preſt down after that by the pin of the 
Axis anſwering its pinion; from hence it comes to paſs that a 


longer Axis may be added to the Wheel, and more pairs of 


this kind of Peſtles in like manner may be diſpoſed, and the 
pins in the Periphery of the Axis ſo diſtribured, thar not only 
more Peſtles may preſs or force down together, but every one 
after another, if the power turning the wheel be not altogether 
ſo ſtrong, if not, and it ſhould be ſtronger, you may depreſs 
more together, and raiſe thoſe that anſwer them; unleſs by 
chance it pleaſe more, to make uſe of two pair of Peſtles in the 
ſame manner, with ſo many pins placed in the Axis, that in one 
going round of the ſame Axis, the fame Peſtle may be de ret 
twice or thrice. 


Moreover to this place appertains, what we ſee in many 


places in the Work-houſes of Hammer-Smiths of Cgoper « r L. 
ron, where alſo the outer Wheel being rurn'd about, ard the 
force of water failing, the inner wheel in the room turns as 
if it were turn'd by the hand, which radius of the upp er 
Axis is fixt parallel to the Horizon, and a rule joined to it t} at 
may be folded in the Joints, while it Hfis up and depreſſes chat 
which is overthwart; on the other end of the fame Axis, ta- 
king up in like manner from BO depreſſing from * 
INE. | ""m_ 
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it procures an altern or changable motion to the Bellows ; and 
the other wheel receiving a ſtronger force of Water falling 
down, and turning its Axis abour, the pins fixt at the other 
end of the Axis depreſſes the little rafter or leaver, whoſe op- 
poſite end being raiſed, is joyned to a great Iron Hammer, 
which beſides the fall of the Axis with pins of it ſelf, light- 
ing or falling upon the ſubjected copper or Iron being burnt in 
the fire, beats or hammers it. 
In all theſe the Semidiameter of the Wheel is to be conſider'd, 
in whoſe little branches ſtand ing out the water running into, 
retains the force of the moving power; but the Semidiameter 
of the Axis is not to be conſider d alone, but alſo the length 
of the pins that ſtick out to be added, ſo that from both is made 
one only Semidiameter of motion which is communicated to the 
peſtle, or to the depreſt end of the Hammer or Sledge. I ſay, to 
the depreſſed end of the Hammer, for the elevation of the 
Himfner is ſomewhat greater than iis depreſſion that a ſtronger 
blow may follow; for neither the little rafter or leaver is alto- 
gether equally divided from its Axis on which it ſtays upon, 
but the Hammer is a little farther from it,than the oppoſite end 
which is depreſſed, and therefore the depreſſing force is greater 
than if the leaver were diſtinguiſhed' into equal parts. 73 
wiſe in the motion of Bellows; firſt, the Semidramer of the 
wheel is to be compared with the adjoining handle, moreover 
the radius fixt to the ſuperior Axis, muſt be compared with 
half the piece that goes a croſs to which the Bellows are joined, 
and from theſe two proportions is compounded a proportion 
of motion, or movement of the power, to the motion or move- 
ment of the weight moved. | 
Bur yet in Mills whoſe grinding, ſtone for Corn is turned 
round parallel to an Horizontal plane, yea, and that very ſwiftly, 
that the grain may be diſſolved into flower, tis not enough 
that the outer wheel:receives force from the Water turning the 
Axis fixt to it, but alſo the lower toothed Wheel is required to. 
be in the fame Axis; and that the members, or parts, of the En- 
gin be not multiplied in vain, they commonly ſo diſpoſe the 
Milli- ſtones, that the Iron Axis that ſuſtains the upper Mill. 
ftone, being furniſſu with a place to turn, or run in, obtain 
the lower place, and therefore the runner as near as may be 
touches lightly, the upper part of the neither toothed Wheel 
Wich its plane, having the ſame Axis with the outer Wheel. 


But 
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But if the Mill ſtones cannot be placed in a plane beneath, or 
above that which turns the lower toothed Wheel, but only 
a little beneath, or above, the Axis of the ſame Wheel; be- 
cauſe the chamfred turning joint Joining very near to the 
Mill-itone, and fo turning the Stone, is diſtant from the too- 
thed Wheel, and this doth not fo convenienly admit of ſuch 
long Teeth which the fame turning joints, or the little rods of 
the runner, are able to mix with fitly ; therefore there is re- 
quired another Axis perpendicular to the Horizon with a run- 
ner, and a fixt Wheel, which ſhall turn about the lower Wheel. 
of chis Runner, forcing its little Rods with its Teeth; for the. 
toothed Wheel parallel to the Horizon, being fixt tothe ſame 
perpendicular Axis, is turn'd about together, and being joined. 
with the runner of the Mill-ſtone turns it round. 
Here alſo are many proportions compounded, the firſt is 
the proportion of the Diameter of the outer Wheel, to the Di- 
ameter of the inner Wheel in the fame Axis ; moreover the 
proportion of the Diameter of the Runner of. the Mill-ſtone ad- 
hering to the Mill- ſtone turning round:the Diameter (he- 
ther the whole Diameter be allowed, or only that part which. 
is the Diameter of the Circle in the rotation of the Mill-ſtone. 
deſcribed from the point between the Centre and the middle of 
the Periphery) and if, as in the ſecond caſe, the perpendicu- 
lar Axis muſt be placed between; beſides in the Compoſition, 
comes the proprotion of the Diameter of the runner to the. 
Diameter of the toothed Wheel, perpendicular in the ſame 
Axis; from whence it appears to be better, that the Diameter 
of the inner Wheel be leſs than the Diameter of the outer 
Wheel, that the force of the Water forcing this may be more 
ſtrong; but alfo we muſt take heed that we do not make it too 
little, fo that its number of teeth ſcarce exceed the number of 
little Rods of the runner adhering to. the Mill, for this will 
cauſe it to move too {lowly; and if the perpendicular Axis be in 
the middle, ſuppoſing this equality of Teeth, and of the little 
Rods of the runner, one turning round of. the outer Wheel 
will only once turn round the toothed Wheel. parallel to the 
Horizon, and. therefore in the ſame time the Mill will be on- 
ty ſo many times turn'd about, as the number of little rods of 
its runner is contained in the number of Teeth of the toothed. 
Wheel fixt.in the perpendicular Axis. Ont 
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But as you increaſe the number of times of the Mills turn- 
ing round, take heed that the difficulty of moving in like manner 
be not increaſt more than needs muſt; to wit, if the Diameter 
of the runner in the perpendicular Axis be exceilively leſs than 
the Diameter of the Toothed wheel in the ſame Axis; if ſo be, 
2 power applied in the runner will be moved much flower 
than a weight applied at the end of the wheel with Teeth, 
and therefore the difficulty of moving increaſed: Wherefore 
all things muſt be wiſely adminiſtred, that neither the force of 
the moving power be tired in vain, nor the Mill be moved 
ſlower or {wi ter than need is. CIT es 
But if it pleaſe not, or the diſpoſition of the place permit 
not the middle Axis to ſtand perpendicular, but it happens 
more conveniently to be parallel to the Horizon, then the Teeth 
of the inner wheel having the ſame Axis with the outer wheel 
-muſt not be fixt in the plane, but require to be faſtned in the 
extream Periphery, that they may turn the runner of the ſu- 
perior Axis, (whether greater or leſſer, according as is needful) 
and with it the wheel that is Toothed, not in the Periphery, 
but in the Plane, from which the runner of the Mill is 
turned. F | n 
Neither otherwiſe than before, is the proportion of force 
compounded, to wit, . of the proportions of Tympanes or 
Water-mill wheels, or Crane wheels, which have a common 
Axis, as appears from what hath been ſaid. | 
Hence we obſerve, becauſe the moving power is Water, 
that the form of a wheel receiving Water is not to be always 
the fame; for thoſe wheels which are placed in a running 
Water would be inconvenient if they have a very large Diame- 
ter; or if but a little Water falling, the Impetus or force will be 
repelled, if the little hands be prepared ro ſmall. Therefore 
wheels of this kind ſhould have indifferent Diameters, but the 
lictle hands poſſeſs a very conſiderable part of the Axis, being 
diſplaid very nigh the length of the Axis, that ſo by much 
Water running into them they turn round with a ſtronger 
force; ſo in the River Poe in Italy, commonly the length of 
this wheel is 15 Feet, the whole Diameter 9 Feet; the Dia- 
meter of the neither Stone is 8 Feet 3 Inches, having 108 
Teeth fixed in the plane, and the runner of the Mill is di- 
| Ringuiſhed inta 9 Spindles ; and the Stone of the Mill in thick- 
neſs 6 or 7 Inches, and its Diameter 3 Feet 9 Inches: But 


becauſe 
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becauſe the mation of Water falling from on high is greater 
than of a running Water, therefore the Diameters of the 
wheels ought to be larger if there be need, and it ſuffices if the 
breadth of the little hands be very indifferent, as being in- 
cluded in a Channel or Pipe, by which the Water falling de- 
cays, or is loſt: That is to ſay, a little Water falling from a 
Plane more elevated, hath greater force than from a Plane al- 
moſt Horixontal; and beſides a wheel of a larger Diameter is 
eaſier turned although from leſs water, for it hath greater 
proportion to the inner wheel from the other pairs. More- 
aver the little hands commonly are plain, or but little bent, 
fo that the water may run abroad here and there; neverthe- 
leſs ſomerimes they are concluded on each part with a ledge, 
Gr: welt, as it were a little Veſſel containing water for ſometime, . 
ſo that the weight of the included water helps the turning, by 
preſſing downwards; Moreover in an inclined channel, the 
force of the water is greater in the lower part than in the 
upper near the beginning of ihe fall; ro wit, becauſe water 
naturally deſcending hath an accelerated motion, and acquires . 
an impetus from the deſcent of the antecedent. Ty 
Hitherto we have conſidered of Mills which are drove by 
the force of water, adding nothing concerning thoſe which 
are turned by Men, or by living Creatures, for theſe have no- 
thing peculiar, beſides that the Axis of the firſt wheel which 
procures the motion of the reſt of the conſequent parts, is 
perpendicular to the Horizon, becauſe a power moves caller in - 
zn Horizontal plane, than in a vertical wheel, or Tympane, 
which is trod or trampled on; and inſtead of the outer Wheel 
driven by the water, a Bar is fixt to the Axis, Which they ei- 
ther draw by Cattle, or work With Men. 
Notwithſtanding we will fay ſomewhat of Mills which 
are wrought by the Wind, whether they be for grinding of 
Corn, or bruiſing of Fruit, or whether they be for working 
of Pumps, whereby waters are drawn from low grounds that : 
are overflowed:: For that which belongs to the inner artifice 
of wheels and runners, are like thoſe which are found in our. 
Mills moved by the force of water, unleſs that in thoſe, that 
being remote from a level plane ( if fo be a fit place be grant- 
ed, and the wind caught by a large van) they aſcend by a 
pair of Stairs, and the Corn, or Fruit, is carried into the upper 
place. which they intend. to grind, bruiſe or break, 175 the 
Lower 
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Flower is transferred from thence: which labour the Miller 
may be eaſed of, if by the ſame labour whereby the wind 
turns the prime Axis with its wheels ; Sacks full of Wheat, or 
Flower, may be taken up, or let down, with a Rope drawn a- 
bout the Axis, being lapt up, or unfolded: That which is 
chiefly to be conſidered in this kind of Mills, is that which per- 
rains to the Vans, or Sails, which receive the wind, for even as 
the plane of the wheel is not directed according to the running 
of the water, ſo neither have the Sails ſuch a diſpoſure that 
they follow the leading of the wind: But the upper part of 
the little Houſe wherein the Axis with the Toothed wheel is 
contained, is turned about until the Vans, or Sails, are fet a- 
gainſt the blowing of the wind. een E994 

And the Vans or Sails are as it were 4 Ladders conjoined at 
right Angles in the end of the prime Axis, each whereof is 
covered over with Linen Cloath to reſiſt the wind, which if it 
be pretty ſtrong, the folded part of the Cloath will admit of 
ſome paſſage to the wind; notwithſtanding theſe Vans or 
Sails, are not ſo equally placed, as to be in one and the fame 
vertical plane, but the plane of each Sail is placed cb/ique ro 
the other ſide, withdrawing it felf by little and little from the 
ind; whence it makes the wind running between the inter- 
vals of the four Sails to repel on the ſides, and as it were ro 
ſmite the Sails by an Elbow, and ſo the Axis is turned accord- 
ing to the Inclination of the Sails; for if there were no cbliquit 
of the Sails, and all as it were made one plane in which the 
Axis would be perpendicular, it would be uncertain in which 
part the turning would be ; that which belengs ro the breadth 
or length of theſe kind of Sails ee, placed, tis not doubt- 

ed but that the breadth of them helps the motion very much, 
becauſe being placed in the ſame obliquity, a greater part of 
the Air runs into a larger than a narrower Cloth; and in a 

very ſtrong Wind, leaſt the velocity of the Engin be over much, 
we find ſometimes that covering half the Sails with Cloth 
will do; but whether or no 'tis worth while to encreaſe the 
length of them, is uncertain: For although a power more di- 
ſtant from the centre of motion hath more force, notwithſtand- 
ing, becauſe the ends of long Sails are very much diſtant be- 
tween themſelves, the wind having obtain'd a larger ſpace; 
hach [cls force; as alſo water flows fWifter, and with a greater 
| | | endea- 
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endeavour through a ſmall narrow place, than it runs through 
a wide open Channel; therefore 1 dare not intirely define in 
theſe kind of Sails, in what place the forces of the moving 
power ſhould be placed, as it were in the centre of vertue, or 
force; for near the Axis to which they are faſtred, the di- 
ſtance is ſmall, and the Wind as it were their object being 
ſtopped, blows more ſwiftly : And further from the Axis in a 
greater ſpace, it ſlides away more eaſily, and leſs incites ihe 
courſe of the Sails; bur for as much as we muſt not rafhly 
appoint the compreſſion of the wind altogether to anfwet the 
changeable diſtances of the Sails, which are in the ſame pro- 
proportion as their diſtance from the Axis; neither can it ea- 
lily be affirmed, that the force of the Wind by compreſſion 
doth decreaſe in the ſame proportion, whereby the fame mo- 
tion increaſes by the diftance from the Axis, from whence there 
would be a compound motion of the diſtance from the Axis, 
and of the force of compreſſion to beequally diffuſed through 
the whole lengthof the Sail or Vane, ' and therefore the centre 
of the moving force would be in the middle of the length. 
Nevertheleſs all things rightly confidered, -I eſteem the centre 
of this force to which the power is underſtood to be applied, 
to be not far from the middle of the length of the Vane or Sail, 
unleſs by chance the Vanes ſhould be ſuch; that their breadth 
be increaſt by departing, or being placed further from the 
Axis, tor fo the diſtance'being leſſened in the ends of the Sails, 
the compreſſion of the wind is likewiſe increaſt. 1 
But if you imagine any inconvenience to happen, by the 
Poles lying upon the little Houſe, and its being turned {>, as 
the ſails to be again the wind which they receive; you may 
on the top of the Houſe in an open place expoſed to all Winds, 
place an Axis of ſufficient ſtrength perpendicular to the Hori- 
2zon, about which you mult place the toothed Wheel pa- 
rallel to the Horizon, from whoſe turning about, the Mill at 
laſt is turned; and the breadth of the ſails according to the 
length of the Axis, muſt be placed in the ſame upper part with- 
out the Roof, that the Wind blowing, they may receive rhe 
force of it; even as Water flowing, the farce is received by 
the little hands of the Wheels. Bur becauſe plain even fails, 
ſeem leſs apt to continue the rotation, ſince thoſe which are 
oppIſite to the Diameter, are at laſt equally expoſed to the 
force of the Wind, and would be forced neither to the ret 
os | M lar 
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82 Mechanic Powers. Book III. 
hand rather than to the left, and therefore the turning round 
would ceaſe ; therefore the ſails ſhould be made a little crook- 
ed, or bowing, for by this reaſon they will be made fo, that 
the oppoſits will be unequally preſt on, and the Wind will at- 
tack with unequal force the convex face of the right, but the 
hollow face of the left Sail, to wit, it doth as it were remove 
it ſelf to the Wind, neither is the end of its motion very much 
oppoſed, according to the bowed direction of the Wind; and 
I make this hollowing ſo bending every way, that receiving 
the Wind, it receives its whole force: Moreover the particles 
of Wind incurring in the two Sails that are next each other, 
are reflected from the convex of one face to the hollow of the 
other face, and increaſes the force, or impulfion ; but if 
you pleaſe not to have four, but five Sails, leſt at any time 
two be oppoſed by the Diameter, I ſhall nor deny it. Cer- 
tain it is, that the length and breadth of theſe kind of Sails 
help very much, for the larger they are, the more wind they 
receive, and the longer they are, the further they be from the 
centre of motion, and have more force : But how the Machine, 
or Engin, muſt be ſtopt or ſtayed by folding or unfolding the 
covering of Cloth, thar irdo not work when the Miller would 
have it ſtand till, I ſhall not here diſpute, where we are only 
conſidering the force of moving; neither doth the ſole uſe of 
this Mill conſiſt in grinding of Wheat, or other Grain, but alſo. 
in raiſing and turning waters. another way, that marſhes may 
be drained, and other things of the ſame kind, which preſent 
body always moving, they are not tyed to a certain time, e- 
ven as in the work of grinding, which is not always uſed. 
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A. Pully 3 is an Engin cond ſting of one or more add who 

turning eafily about their Axis, in which a Rope being 
drawn about the wheel, we draw, or raife a weight; there is 
no need of a larger Definition, ſince almoſt every one knows; 
and hath ſeen this kind of Engin, although — are very few 
that underſtand their force rightly, or wherefore they are u- 
ſed; and ſometimes tis wont to be uſed with one wheel only, 
and then tis called Monoſ! or of a double wheel, and is 
called Diſpaſtos, or tis tre ly ITS | ad 7 is Called Palys: 
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84 Mechanick Powers. Book IV. 
encreaſe the force of the Power, properly ſpeaking, ſo that the 
whole advantage which accrues from ſuch an Engin, is, that 
the Rope be not worn, and that difficulty ſkun'd which ariſes. 
not exactly from the weight, bur from the wearing of the 
Rope. 

The Demonſtration. An Engin then helps not the Power, 
when the motion of the Power and of the weight is equal; 
but in the caſe propoſed, the motion of the weight, and the mo- 
tion of the power are equal, which I thus make appear: Firſt, 
underſtand the weight in D, and the power in E, draw the 
Rope, and the power drawing the end of the Rope deſcends 
in the point G, and in the mean while the weight-D aſcends 
in H, becauſe in both ſites or poſitions the length of the Rope 
is not changed, D A E will be equal to the Rope H A G, and: 


by ſubſtracting the common ſegment HA E, there remains 


the lines DH, E G equal; but E G is the motion of the pow- 
er, HD the motion of the weight; therefore the motion of 
the weight and of the power are equal, wherefore the weight 
is neither increaſt nor diminiſht, and the power hath the ſame 
force only, becauſe if by it {elf (no Engin intervening ) it be 


Joined to the weight, it moves ſo much as the weight; there- 


tore the force is increaſed nothing by this Engin; which was 
to be demonſtrated... - 5% 33101 floh Dota tz 


PROPOS. I. 
Power is eaſily applied by a fngle immovable Pully. 


Et there betwo Powers; fuppoſe Men, raiſing equal weights, 

and let one uſe a. hey! and the other no. ſuch Inſtru- 
ment, I ſay, the firſt can eaſier apply his force or ſtrength te 
ſuch weight, than the ſecond; for either the weight will be 
placed beneath the Man, or above: If the firſt, the endeavour 


Will be fo, that the tractive force of the Man in fuch;caſe, wilk 
be poſited in this; that the Man will be a. little bent, 'the force 
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Book IV. - Mechanick;Piwets. 85 
wonted rectitude, or to hinder ſuch bending or crookedneſs; 

therefore when a weight is taken up in this manner,; oſt-· times 
the endeavour is in the knees and the whole Body; or the 
weight to be raiſed is placed in an upper place, and then in 
like manner we muſt have recourſe to the force of the Nerves, 
but when we uſe a Pully hung in an upper place, we may ap- 
ply the weight of our body, beſides this kind-vf force of the 
Nerves, and oft-times without any endeavour of the Neryes, 
therefore tis nor ſo troublefgme. bY ON he » 
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Large Pullies are moſt uſeful. 


Fig. 71. M Lthough as I have ſhęwi in the firſt! Propoſfition;- 
that one Pully whoſe: Snatch- block is immova- 
ble, neither increaſes nor diminiſhes the force of the power; 
nevertheleſs we have {aid alſo, it adds to the facility, becauſe: 
that it ſaves the wearing, or rubbing of the Rope, but there is: 
found ſome, although but little reſiſtance, in the Axis of 
the Pully, which ought to be turn d about; I ſay, this difficul-- 
ty will be leſſened, by bow much the Orb of the Pully s grea : 
ter, for than the Semidiameter of the Bully, or Rundle, is as. 
it were 2 Leaver,. and the Scmidiameter of the Axis as it were 
a Cylinder in a wheel, or Peritrochio; and by how much greater 
the proportion of the handle is to the Cylinder, ſo much the 
eaſier is the motion; as becauſe there is-, greater proportion of 
the line G D, to the radius of the Axis, than of the line G B, 
the reſiſtance 1s eaſier overcome, which is made in the circum= 
ference of the Axis, while the Pully is turned about t. 
There is alſo another conveniency in large Pullies, cowity 
that the Rope is not ſo often folded, and conſequently not ſo 
much rubbed, or worn; but I ſuppoſe alwaies Pullys to be 
moveable about, their, Axes, for if. they ſhould not, we muſt: 
reaſon otherwiſe, 5 tt a 1: if I01 ; Butt 0 IPL 
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A Theorem. 


A Man may take up a Weight\ heavier than bumſelf 
with a ſingle 1mmovable Pully. 


E 46 Queſtion hath been pur to me more than once, whe- 
ther or no a Man can take up, or raife a weight heavier 
than himſelf, with a fingle immovable Pully (always under- 
ſtand the Snatch-block immovable) or whether a man that 
weighs 150 pounds, can raife a weight of 200 pounds? But I 
devide the caſe, to wit, either a man ſo ſingly ſtands, that the 
force of his weight, or gravity, only inſiſts on the Pavemen, 
or his Knees, and his whole body ſo indeavouts, that the force 
of this endeavour adhears to ſome other Body; if this ſecond 
happen, a man may elevate a weight heavier than himſelf, 


to wit, becauſe, beſides the weight of the man which may be 
all applyed, there may be alſo a contrary endeavour from the 


reſiſtande of the Nerves, ſo that while I would take up one, 
with the Pully I cake up more; ſome Knees endeavour ſo, that 
they cleave to Benches, or Formes, and lift up the Benchcs to- 
gether with them, whence from ſuch endeavour an union is 
made of the Benches with the Man; that I may better explain 
my ſelf, ſuppoſe a man has 50 pound weight upon his Feet, 
and both his hands to lay hold on a Rope faſtned in an upper 
place, if the weight on the other part be very great, the man 
may by hanging on the Rope lift up his Feet, and elevate or 


ralſe the weight of 50 pounds, in which caſe, beſides a weight 
nnn 


equal to himſelf, he may elevate 0 pounds. 

But if he ſingly ſtands on the Ground, experience reaches 
us that he will only elevate 150 pounds. es. 
But we muſt argue otherwiſe in drawing of weight inſiſting 
on the ground, or on an inclined plane, for ſince weight doth 
not preciſely reſiſt an Horizontal motion, a certain rule can 
ſcarce be made; for it depends on the evenneſs of the body 
on which the weight ſtands, or lies. 2 
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A Theorem. en oh 
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Many ame ville Pullys tiles 1 nor dir 
the fore? of a Power. * 0 


Big. 7a. J the ſeveral Pullys be E FG, whoſe Es | 


blocks are immovable; I fay, although we uſe: 
them alrogether, the force of the power is neither augmented 
nor diminiſhr: For let the power: be in A, and the weight in 
C, draw the Rope in B, and the weight aſcends in D. 
The Demonſirat on. Forces of Powers are neither diminiſht 
nor increaſed by an Engin, when the motion of the power is. 
equal to tke motion of the weight, hut in this -caſe it thus 
happens; for when the Rope A EF G C, is the fame by ſup- 
poſition, as the Rope B EFG PD, they will be equal, and the 
common ſegmenr AEFGD being taken away, there remains. 
D C equal to AB; but AB is tha, motion of the power, and 


D & the motion of the weight, therefore the motion of the 


power, and of the weight are equal, and therefore the forces. 
of the power whips Err increaſt nor decreaſt, Pan Was to 


be demonſtrated. Ys 10.0 "1 Wei 
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ig. 77 1 Y Pity be A, and its Schich- bock eib 
and a wei igtit hung to it; and the power in B; 1 

fay, the weight will be ne! an half part, füppöſe 1 
er io be ſo moved, that the pull: A aſcend. to E. 
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88 Mechanick, Power r. Book IV. 
The Demonſtration. That the pully A be placed in E, the 
power ought tobe moved as much as rhe length of the Chords 


CF, GD, for from the point C to D, is the ſame diſtance as 
between F and G; but CF, G D taken together, are double 


the ſpace A E, to which the motion of the weight B is equal 
as appears, therefore the motion of the power is double the 


.- 


motion of the weight ; bur ( by the firſt principle of Mecha- 
nicks ) as often as the motion of the power is double the me- 
tion of the weight, the whole force of the power is doubled; 
therefore in our caſe the force of the power is doubled in or- 
der to ſuch weight, or which is the ſame, the weight is di- 
miniſht an half part, which Was to be demonſtrated. 
But if indtead of ths Hos Cy there be added ohe power 
which ſhall be equally moved with the power Dy; Werſhall 
fnd by 'tryal onſy an half part of the weight, in the ſame 
manner as if they bore two weights equally diſtant, hung to a 
Beam or Leave. ie > RAS 46) 
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half part, in reſpect of a Weight hung on unc end of 
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Tig. 74. JF in ſtead of the weight B being hung, a power be 
4 1 . i id e kJ a 

1 applied to the fame Pully, and the weight hung to 

the Rope D, 1 ſay, the force of the 
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part. "ap 
. The Demonſtration. As I ſhewed before, the motion of the 


Power is diminiſht an half 


weight will he double e motioff ef the power, and there. 


fore (by the firſt principle of Mechanicks) the forces of the 
power are leſtned, and the forces of the weight increaſed; 


. - 


uhich mayflikewiſe be ſaid of two weights, to, iche as When 
IS 


the weigbi B of; 190 pounds is made ig equilibrio in the point D, 
or which, way ſoever the Rope G D ſhall require 50 pounc's, », 
* A 01 been N id 243 18401 Coxrol- 
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Corollary. . 


Hence it follows, that an immovable Pulley is a Leaver of the 
firſt kind, of equal Armes, and a movable one is a Leaver of 
the ſecond kind, or in Hke manner of the third kind, of equal 
Armes. | Foe — % een eee 
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If to move he Wheels of Dial, or Clock, for 12 Hours, 
there be required a weight of 50 pounds, and the 
e 20 feet, NEW: the ſame deſcent, 


a weight that ſhall move the ; Clock 24 Hours will re- 
quire to be 100 pounds, — 
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"Fa 1 which may eaſily be deduced by the Coro!- 
lary of the precedent propoſition, becauſe of the com- 
monneſs of its uſe, may be propoſed in this manner; ſuppoſe a 
common Clock that requires a weight of 50 pounds to keep it 
in motion, and ſuppoſe the place where the weight deſcends io 
be 20 foot only, and this deſcent ferves for 12 hours; and we 
would, keeping the ſame deſcent, have a weight to ſerve for 
24 hours, I deſire the magnitude of the weight; I ſay, the 
weight required muſt be 100 pounds. e 
The Demon. Suppoſe the motion of the Clock and its reſiſtance, 
to be after the manner of the motion of the other weight, tis 
certain by the ſuppoſition that the refiſtance of the Clock for 12 
hours, is leſs than of a weight of 50 pounds being movable 
20 feet; but the motion of the Clock for 24 hours is double of 
that which is made in 12 hours, and in like manner a weight 
of ro pounds as movable 20 feet, is double of a weight of 
50 pounds that moves the ſame ſpace, therefore the motion of 
the Clock for 24 hours will than a weight of r00 pounds 
moving 20 feet, and will be 1 by the ſame exceſs. 
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And the way to fit that weight is eaſie, for if it be required 
preciſely to move in a time double to that wherein it did 
move, it may be done with no charge by help of a Pulley; in 
that manner as is ſhewn in the 7th Propoſition, viz. If the 
Rope, be faſtned firmly at one end, and the other end join 
Cloſe to the Cylinder of the Clock. 2 
But if another leſs proportion be required, to wit, as 2 to 3, 
or as 3 to 4, the Diameter of the Cylinder on which the Rope 
goes about in the Clock muſt be leſſened, according to the 
proportion given reciprocally, that is, if fon example it be re- 
quired, that the weight of the Clock ſhould move 18 hours, 
when before it moved only 12 hours, the Cylinder muſt be 
leſſened according to part of its Diameter; but if there be 
required a quadruple proportion, two movable Pulleys muſt 
be made uſe of. Laſtly, If a proportion much greater be re- 
quired, add one Wheel to the Clock. g. 


: 
. 
” . 89 
b 4 4 « : k . : IT : Of 
1 * » 
* 1 m * i. * aA Ab. Sth. M2 * Mit. lic... Mt... 8 1 * R _— . * 4 
9 w 4 . — — IE 
=> * 1 * _ 
. 


2 " 9 .% 7 WW 
' _ | | 
W. " 2 * 1 
1 L | | | \ 
N R O O 8. | 1 
P FE Us. IX. > 
* * * * 5 * 0 © 7 
; y 3.504 5 N | . | \ 
” 
A Theorem. r 0351 pag 


1b». Diſpaſto, or imo Pulleys, if the cord of amuvable.- 
Pulley be only turned about the Wheel, and ir not. 
„ 
immo valle point, the power will be only doubled, 
_ which draws by the other end.. n 


nl 214 ER een eee an TS ESR 
Eg. 75. Ja Ecaule, there are many ways which Ropes may 
D be putabout Pulleys, from whence follow —4 
ral augmentations of à power; I will undertake! to explain 
this in the firſt place, to wit, if one end of the Rope AD C E be 
faſtned in the unmoyable point A, or to any other point, as 
the point B, and be curn'd about the Pulley D, then about the 
Pulley C, and be drawn by the end E; I ſay, the force of the 
power placed in E, with reſpect to the weight hanging at D. 
1s doubled. 1 e we: „Ern 


e Demonſtration, The point E is equally moved: with the 
point 
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poing, F ( 2 the jſt of this) bur, the £poing Fi 1 moved with a 

uble ve ty. to the weight hung y. the 7) therefor 

the point Eis moved dou ly: inter le weight Do 11 

E, is E Pare | of the power therefore the power Is moved 

doubly fwifter than the weight, and (by che firlt,princip le of 

Mechanicks ) 1 10 force of the power E is doubled Which 
to be ſhewn:” _* 

"Secondly, Let. the hap E be firmly fixt, or unme Hebie in the 
pint. and draw the Rope upward from the power. placed 
in the point A; I fay, in like manner the force of the Power 
18 double d, and the Pulley C is uſeleſs. | 


in this caſe is immovable, it will be the ſame as if the Rope 


were faſtned in the point F, and one Pulley uſed only, but 


(by the th. of this) one Pulley placed in this manner, doubles 


the force of the power, therefore alſo in «yo ge Caſe, the forces 
ofthe power are doubled: Which was co be ſhewn. 


Coroll ary. 


! it follows, FER if the power be, D, AO the weight in 


E, the end of the Rope pat in the point ; Lay, chat in 
this caſe, when the motion of the — is doubled, the 
force of the power is leſſened. 2 
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1 „get or two Pulleys, if thc endl of the Rope e 


be "faſtened to, the' movable”. 
— about the Jane 


Nope 

 Iripled of threefold.” 0 90 one „ 

oP Et the end oft the rope 20 Hide in 1 in. 4 
. 75 Is of the movable Snatch- block, 24 curn po 


the PORT the immovable Snatch-block B; and 2 gain, turn 
N 2-- Il 


The Demonſtration. When the 11 of che Rope E — of 
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it about the wheel of the movable Snatch - block 1, and let 


the power be in the point C, drawing che rope upwards. I. 
ay, the force of the power is tripled. ee 24 


: 


The D:mmfration. Suppoſe the power C ſo to be moved, 
that the Pulley I, touch the Pulley B; In this cafe there is left 


only ſo much of the rope as is required to compaſs both the 


wheels, to wit, as much as the portion F BE, and G HI. 
and the motion of the drawing power from C is equal to the 
reſt of the rope, or to the parts A E, F G, HC; but thoſe 
parts taken together, are triple the motion of the weight, to 
wit, the line I E, therefore the motion of the power is triple 
the motion of the weight, therefore the forces of the power 
are tripled : Which was to be ſhewa. 9 


— ————— wn - —— 
PROPOS. XI. 
A Theorem, 


In Eripaſto, or three Pulleys.. If two Pulleys are: 
immo vablo, and one only movable, the power is 
tripled. N Ts E 
Fig. 76. T Et there be three Pulleys, wherein two of them: 
A and B are immovable, or immovable in the 


Snatch-blocks, and let the rope be faſtned in the point C; 


then turn the-rope about each wheel, as you ſee in the figure, 
and let the weight be D, and the power in E: I ſay, the 
power is tripled. I. : IPRS 
The 1 The point E is not more moved than the 
point F, and therefore the Pulley B is only uſed for convenien- 
cy fake. But the point F (by the i oth of this) is moyed triply, 
or threefold ſwifter than the weight D, therefore in this dipo- 
ſition the power is triplicated ; which was to be ſhewn. - 
Bur the end of the rope C could not be faſtned to the up- 


er Snatch block, otherwiſe one of the upper Pulleys would 


have been uſeleſs, - 
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A Theorem. 

In Triſpaſto, er three Pulleys, two of them being 
movable in the ſnatch block, quadruplicates the 
power. | | | 

Fig.. 77. 7 there be three Pulleys, wherein the two lower 

ones A B are moveable; I ſay, the Power in C 


in this caſe is Quadruplicated. yrs | 
The Demonſtration. Underſtand the power C tobe ſo moved 


in drawing. the Rope, that the Snatch-block A B, touch the 
Snatch block E, there remains about the Pulleys a Segment 


of the Rope equal to the Segments DE E, I BK, GAH; 


the reſt are drawn by. the Power, and meaſure the Motion of 


the Power: But the Segments D I, LG, FH, CK are qua- 


druple the ſpace L G, therefore the Motion of the Power: 


is. quadruple ; which was to be ſhewn. 


Notwithſtanding, becauſe this kind of drawing upWards is. 


inconvenient ; a Pulley ſhould be added in the Upper Snatch- 
block, and. then. its force will be quadrupled, for the Pulley: 
is only added for conveniency. | 8 8 
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PROPOS. MI. 
A Theorem. 
F the Lower Snatch-block, be moveable, and the Power 


. draw upwards, the Power is ſo many times multi- 


plied as are the drawing of the Chords. 


Fig. 77. L ET the Snatch-block A B be movable, and the 
I Power C draw upwards ; or that the Propoſi- 
tion may be more Univerſal, let it draw againſt the immove- 
able Snatch-block, then the Power is multiplied ſo many times, 
as there are drawings of the Chords, becauſe then either the 
end of the Chord being faſtned, is in the upper place, and be- 
ing drawn, the pairs will be doubly more than the lower 
Pulleys; but the lower Pulleys double the Power, and by the 
.demonſtration, if there be one below, there is no need of the 
upper one, as is ſhzwn in Prop. 6. and the force is doubled ac- 
-cording to the proportion of drawing. If there be two below, 
and one above, tis ſhewn in the © precedent Propoſition, that 
the power is quadruplicated; and fo of the reſt. * 
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PROPOS. XIV. 
A Theorem. 


F the lower & natch-block, be movable, and the power 
araw downwards, the force of the power 1s ſo ma- 


ny times multiplied, as there are drawing of the 
chords, one leſs. 1 2 


Fig. 75. F IS ſhewn that the force of the power in F 
is the ſame as in E, but if the power be in F, 
| h Aid 


— 


and its force multiplied according to the number of drawings, 
ro wit, triplicated, and in E there be added one drawing of 
the Chord; this drawing of the Chord, which is added; in- 
creaſes not the force, therefore ought not to be computed. 
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PROPOS. XV. 


2 * r 
— - 


IF the lower Snatch-block be movable, and the rope be 
faſtned to the movable Snatch-black, , any Wo 
Pulley doubles the power, and renders one upper. 


power only equal to the werght. 


T Et there be any number of pulleys in which the Snatch-block 


below, it will be quintuple, and ſo on, which are all demon- 
ſtrated, particularly in the foregoing Propoſitions. 
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PROPOS. XVI. 


IF the lower Snatch-bleck, be movable, and the rope: 
| faſtned” to the upper, as many Pulleys as are below, . 


fo many times the power is doubled, the upper ones. 
ſerve only fur convemency.. 


1 any number of pulleys in which the Rope is faſtned to an 
immovable Snatch- block, the power is ſo many times 0 
7 W ky . 
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L of the lower is movable, ro which faſten rhe end of the 
Rope; I ſay, If there be one upper Pulley, the power is equal to the 
weight; if one be added below the force of the power is 
doubled, and ſo the power will be triplicated, but the reſt of the 
upper ones add nothing, that is, if there be two upper ones, 
the power will remain tripple of it ſelf; if another be added 
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96 Mechanick Powers. Book IV. 
bled, as there is lower Pulleys, or in a movable Snatch-block : 
That is, if only one be in the movable Snatch-block, the 
force of the power is doubled; if two, tis quadrupled ; if 
three, tis equal to ſix powers, and ſo on, ſo that no propor- 
tion ought to be had of the upper Pulleys, or of their being 
in an immovable Snatch-block. | 

The Demonſtration. Tis ſhewn in Prop. VI. that 'tis fo in 
one Pulley. In Prop. IX. tis ſhewn to be fo in two Pulleys, 
to wit, that the power in both caſes is doubled. In Prop. XII. 
in three, or more Pulleys 'tis the ſame ; the like proportion may 
be demonſtrated in others. 

Whatſoever is ſhawn concerning the railing of weight up- 
wards, is to be underſtood: of any other motion, whether 
Horizontal, or any other, to which weights reſiſts; alſo of any 
reſiſtance that we undertake, to overcome by Pulleys. 
Alſo as we compare the power with the weight, we may 
in like manner compare two weights between themſelves ; 
likewiſe if you place the power in the place of the weight, 
and in like manner, if the weight obtain the place of the 
power, the weight will be increaſt with reſpect to the power, 

or the power diminiſht, which words are all of one ſignifica- 
tion; and the moving power may obtain the place or the 
weight, as often as the forces are abounding ; but a moſt ſu ift 
motion is produced in a weight, which ſimply from a power 
cannot be produced without an Engin, becauſe the power 
cannot move it ſelf wich ſo much velocity; which principle is 
tobe underſtood in all Engins. | 
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| PROPOS. XVII 


To diſpoſe Pulleys ſo that according to the number of the 
Pulleys, the power may always be ancreaſed continu- 
ally in double proportion. by 


Fir. 78. TJ increaſe of power by Pulleys hitherto treated 
I on, ſeems to proceed only according to Arith- 
| e metical 


bw. | 


metical proportion, ſo we ſhew. in the precedent. propoſition? 
har! 480010 = g tro the fue of F 1 10 e 
a eh beck the 16 ce © be power 18 50 led; no we 
Fa ge ae AT 5 peer wherein if re be. 70 one 
2 2 th e force of Ree 145 Will b, be. doub bled, if Wo, „qua- 
„if three, it will be © le, if if four, Fg power Will 

its: See to fixteen, and fo oP the; relt. 

Suppoſe a weight to be raiſed being falned t to a moveable 
Pully B, and let one end of the Rope be fixt in the point G, 
and the other end of the ſame Rope reach to the Snarch- 
block C, in. like manner let ancthent F D be firmly 
fixt in F, and the other end * to th e Snatch block D; let 


in H of LIE being 44 to t ight. ing o diſpoſed, 
i the 12 ag 
ation. Tis fl vIof this) that 


in freſpect öf the wei 
power he ſuboctuple o 
the weight, a 

Or it may be MD 25 any Dire Les PY Pulley 
diſp oſed in this manner, is a Leaver of the ſecond kind, in 
which the weight is preciſely 1 in the middle berween wie 17 
bi Tho prop, d oo nn ans v4 Hh 
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5 0 any fs be moved by any powers? 


Irft, 1f the power be never. fo 99 5 greater Hay me weight, 
it may be moved by any, he that anly E 1 Ti the ap- 
plication bur FL it be n an the Pulley: diſpo 
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econd manner, the weig t Will be 1 ly 185 
if the power be lefs, as be to the wel 

cight Pulleys ( ditpo ſed ll 1 f ſecond ma 992 8 
dilpoſed in two Saen 5168 55 WII I e Ae 
reſi iſtance of f he weight”; 125 wit, i if ch chere be 
portion of the motion of the ph Wer to che e "if 
than of rhe Wh to the power. 9 


ol X 5 4 * -y : * 4 T% * ulla 
111 3 \ 20 8 008 211) TS, HY % 4 — j: 1 D. 1 5 ew [5 4 
* | = FT} — 
1071 0 3 C's £13 JOE 
ol. 429 4 
tr a # 3 OF 
Meck hani - 1 
1 4 
7. POT 1 P 
| Pg 8 
py 4 — 
Wot 
} CL 
\\' 
Se 0 x 
7 bavom ei H nf 39 moq 9083 
8 — -— 3 þ 4 r 4 1 4 „* 1 — 
az ——— * e auen + of * 1 100 1888 1111 4 $1 «6 rr 5 I 7 = 
” pu bn © \ $$ 
144 je , 4 
* N f - * 
1 * 0 e 10 
0 WW Y "2 =" a5 N ia JG * 110. 10 
— . . — — &f 1424 : gab . | 
Wr — — — TM _ ' x g 
'Þ 14 8 3&- 37 5 2113 


A IO iS 4 « Oladler that" plays or” has. Tia 


Spirec, or Helices: ſ wellang: outs, ar appears in the 
figure. . „Ins II $6 


4 21 Wt: 319 * * 41 id! '/ 
Fig. 79. 
8 / 


No the uſe on r for tis put into 
another concave cylinder, cut in like manner in- 


, ires, ſa that the convex. Spires- or 
Helices of the former Cylinder, fit to the concaves which are 


put upon them. The concave Cylinder ſametimes is fixt and im- 
moveable; and in this caſe, the Screw Rey Circular motion, 
hath alſo a right motion, whe the whole Cylinder goes 
forth. Sometimes the Scew is immovable, and the concave Cy- 
linder is only moved, dich 2 handle le fi imple Cylinder is added 
to the Screw, into vyhich 2 handle ds grafted or fit; as in-A B 
the handle B C is adjoyn d. that it may be moved round mere 


caſily; hitherto Authors have recalled the 19 5 5 to the. 


Wedge, and the Wedge to tlie Leaver, 0 Ft jon gf 
e on 155 ' inclined. plane, as if you un Rd 8 f % 


BBR Mechanic Power, as | 
be the weight, and it be moved round in the Orb, fo that it | 


aſcend according to the Spire; of the, Screw, inclined to the | 
Horizon, or if the Wood BE be immovable, the Screw it | 


ht, its Cent Will be by the iriclived' plape of th 
0 concave Ovlindet FG; Dar e eragon 
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To explane, and meaſure, "the force of the Screw, 


Fig. 79. 13 the Screw be R furniſht with its handle BC, 
_ for alſo in leſſer Screws of Iron which are made 
uſe of to ſtrain ſomething, there is added a head furniſht with 
a notch or cleft, that there may be put in ſomething of Iron, 
which may obtain the force of a handle; And let the power 
be applied in the point C, and underſtand one Circumvolu- 
tion to be made, or the circle CK L to be deſcribed in the 
mean while the weight aſcends, from one circumvolution of 
the Spite to another, to wit, as much as is the line NO. An 
interval, or ſpace, equal to the line NO comprehended be- 
tween, the two Spires, i found 1 oo times in the circumference 
C KL; I ſay, that it may be in equilibrio, there is required 
ſo much power as is only ſabcentuple of the weight, that is, 
if the weight be 100 pounds, it requires a power only equal 
The Demonſtration. Tis then in Equilibrio, hen the mo- 
tion of the -power is to the motion of the weight, as the 
weight it ſelf is to the power, but in our caſe the motion of 
the ee e e eee 
weight an hundred old the power it ſelf, therefore tis in 
Equilibrio, whence if the power be a little greater or more 
than one pound it will overcome the reſſtance of the weight. 
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If the power be applied to the wood D E, ſo that it move 
downward by a right line, and not circular, not withſtanding 
it will compel the Screw to move circularly, and let the weight 
be in C, the power requires to be centuple of the weight to 
move it. But if the wood D E be moved circularly, and the 
weight aſcend upwards in a right line with the Screw; as if 
you feign the weight to be B; the whole circle deſcribed by 
the wood would be compared with the circumference of the 
line N O, which meaſures the aſcent of the weight in each 
circulation. J 
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The di vers uſes of ſingle Screw. 
Fig. 80. T* uſe of ſingle Screws are various, and for the 
Fi, moſt part they are uſed to ſtrain, as appears in 
the 79th Figure, in which the Screw A B is faſtned in tlie 
hole B, alſo tis furniſht with itsSpires, but the hole C is ſingle, 
and conſiſts of no Spires; while the head of the Cylinder ar- 
rives in C, and the Screw. is turned about, the woods B D, 
CF, will come, or meet together, and the force of the power 
will be increas d according to the proportion of the circle de- 
ſcribed by the end of the handle A E, to the interval of the 
Spires, or Helices. WW / ß 
And the fame effect follows whether the wood B H be made 
imnfovable, and ſo the wood C F, come to that, or the con- 
crary.. rg . . 
The ſecond kind is, Fig. 8 1. when the Screw is at one end, 
and the wood to which tis faſtned, is at the other end, and js 
immovable, and then the power will be mixt, to wit, of the 
Screw and Leaver, as in this figure, if the Screw A B, be in- 
grafted to the wood A C, in the point A, and the piece of 
timber to which tis ingrafted be fixt in the point C; and the 
| | weight, 
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weight, or that which reſiſis the preſſing,” be in the point Dy 
C A will be a Leaver of the ſecond kinB’aakaaufaa 

And that you may meaſure the force of this Engin, ſuppoſe 
200 pounds, that is, iſ it lies on a parcel ot Grapes,. it will 
make the ſame compreſſioti as 200 pound weight will make; 
and let the Screw be ſo made that each ſpire; he diſtant from 
one another one inch, and the handle B E / feet, ſo that its 
hole circumvolution will be 22 feet, or 264 inches, and let 
the force of the man that preſſes, be cequal to 109 pounds; I 
ſay, the man alone hath ſo much force to preſs the Grapes, 
as hath the weight of 5 2800 pounds ; the reaſon, is clear, 
while the man runs over. 22. feet, or 264 inches, the. 
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for 
e beam A 
deſcends. only one inch, and the weight D, which is in the 
middle of the Leaver A C, is only moyed half an inch, there- 
fore the force of the power: is increaſed, according to the 
proportion of 264 to &, or of 528 t ; but the power is 100, 
therefore the force of the man, uſing this preſs, will be equi- 
valent to 52800 pounds; Which Was to be ſheẽ wn. 
Fig. 82. The third manner Will be, if you make uſe of 2 
Screws, which are moved together, or ſucceſſively after each 
other, and one in reſpect of other, hath the proportion of a 
Prop, or Hypomoclion; as if the Screw A be moved, the 
Screw B not being moved, the point B will be the Prop, with 
reſpect to the Leaver A B, which belongs to the ſecond kind 
of LEBVER ain 20 lie nga no mas; c 23 varia: | 
Fg. 83. To this kind of power are recalled the Vices which 
Iron:{mirhs uſe, likewiſe the Preſſes which Printers uſe, and 
many other Inſtruments, | whoſe forces we may meaſure by the 
 ſanke:principles: 520.) 21G os roi 101 nh; egeitrt 
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n En ue enen cott: S1 gag; 

call that a compounded Screw, hoſe convee C- 

linder is not ingraſted: or fitted, int its corre 
nt ſpondent 
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ſpbndtent concave, but is xt with other powers. And firſt, 


if the Helices of the Serew be fitted to a toothed wheel, tis 


call d'an infinite Screw, or moving in inſenitum, the forces of 
this power:dte wonderful, for ſuppoſe a wheel to conſiſt of 50 


teeth, alſo: let the Axis be, A, a whidh' the rope goes 


round; and ler the Handle B: Gp be tothe Semidiameter of 


the Axis: 45-4 too r, and let thepower of the man be equal to 
ioo pounds; I ſay, the man being furniſnit with ſuch an Engin, 


is in Equilibrio with a weight of 2.0000 ere, and the man 
Will be equiyalent to 200 men. 

De Pemonſtrution! The handle B C Guginlto wake 50 ci 
-cumvoltriors; while the Wheel only performs one, becauſe 
that e ery ciccumvoſution of the Screw impels only one tooth: 
"Therefore while the handle B C is turn'd round 50 times, 
che Tympane A is only once turn d about; but the circulation 
of the handle is to the Circulation of the Tympane, as 410 , 
therefore the motion of the power applied in C, is to the mo- 
tion of the weight, as 200 tot, therefore by reciprocation, 
the power as of 1 pound will be in Equilibrio with a weight 
.of = pound, 8 as 160 to ene which was to be demon- 
ſtrat 

But if iadend of ihe! Tympane A, you uſe another Screw, 
to whoſe wheel the ſame number of teeth ſhall anſwer, one 
man will be equivalent to 10000. men. If you make uſe of 
three Serdws in the fame manner and order, with v heels ar- 

twering to them, one man will be cquiyalent to 1oοοο 


men. I J 1221 99 ) 4 4 


Nevertheleß, Kite any Ergins tire- ever madd ſo Grone, 


but in practice they become unuſeful, becauſe, that either the 


ropes break, or that which they are faſtned to, is not able to 


ſubtain, or the teeth, or other parts break, the weight being ſo. 
NCT T_cacrn oo 75 


This Engin is moſt uſeful, as PIR as ts mo:ion is to be 
diminiſht, as when, tbr example, we have a wheel in a Clock, 
which is tarn'd round once in every hour, if you deſire a me- 
tion 12 times flower, the Axis of this firſt wheel, muſt have a 


Screw, to whole ſpire the teeth of the other wheel, muſt be 
ingrafted, which myſt have, 12 teeth, and fo you will have a 
motion 12 times flower; fo if in a Clock you have a Wheel, 
or Axis, which is turn'd about twice in a day, which is fur- 
niſht with a Screw, and anſwers to a wheel, having 59 teeth, 
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ſpondert concave, but is mixt with other powers. And firſt, 
this power are wonderful, for ſuppoſe a wheel to conſiſt of 50 
teeth, alſo let the Axis be A, about which the rope goes 
the Axis, às 4 to 1, and let the power of the man be equal to 


is in Equilibrio with a weight of 20000 pounds, and the ma- 
will be equivalent to 200 men. 


-cumvolurions, while the wheel only performs one, becauſe 
that every circumvolution of the Screw impels only one tooth: 


the power as of 4 pound will be in Equilibrio with a weight 
ſtrated. 


to whoſe wheel the ſame number of teeth ſhall anſwer, one 


twering to them, one man will be equivalent to 100000 
men. 5 Wh 


if the Helices of the Screw be fitted to a toothed wheel, tis 
call'd an infinite Screw, or moving in infinitum, the forces of 


round ; and let the handle B-C;. be to the Semidiameter of 
100 pounds; I ſay, the man being furniſh with ſuch an Engin, 


o 


* The Demonſtration. The handle B C ought to make 50 cir- 


Therefore while the handle BC 1s turn'd round 50 times, 
the Tympane A is only once-turn'd abom ; but the circulation 
of the handle is to the circulation of the Tympane, as 4 to r, 
therefore the motion of the power applicd in C, is to the mo- 
tion of the weight, as 200 to t, therefore by reciprocation, 


of 200 pound, or as 100 to 20000, Which was to be demon- 
Bur if inſtead of the Tympane A, you uſe another Screw, 


man will be equivalent to ooo men. If you make uſe of 
three Screws in the lame manner. and order, with v heels ar- 


Nevertheleſs, ſcarce any Engins are ever made ſo ſtrong, 
but in practice they become unuſeful, becauſe, that either the 
ropes break, or that which they are faſtned to, is not able to 
ſuſtain, or the teeth, or other parts break, the weight being fo. 
extraordinary. | . 206 | | 

This Engin is moſt uſeful, as often as the motion is to be 
diminiſht, as when, fur example, we have a wheel in a Clock, 
which is turn'd round once in every hour, if you deſire a me- 
tion 12 times flower, the Axis of this firſt wheel, muſt have a 
Screw, to whole ſpire the teeth of the other wheel, muſt be 
ingrafted, which mult have 12 teeth, and ſo you will have a 
motion 12 times flower; ſo if in a Clock you havea Wheel, 
or Axis, which is turn'd about twice in a day, which is fur- 
niſht with a Screw, and anſwers to a wheel, having 59 gt 
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this ſecond ae 0 once 95 d 9 1 in wt 65 and 
+, which is cebit Wh om and ſo of the 
reſt. He 5 80 e conch y conſult 


Ubaldas. | 
I ſpeak not here concerning a cogcave Screw, Which is one 
among Hydraulic Engins, and whi e belongs to an 


inclined Ihe firſt ad- 
vantage js, phat the iminiſhe by 
one ſpirgl [that . Secondly, 


without any N ef 11 5 oc be relinquiſht, the 
weight fearcely-talls-back- again, -andtherefore-mult remain 
where it is. | 
The more Helices there are in A Screw, and the more ob- 
lique, and the longer that the handle is, the eaſter the weight: 
is moved; and in a concave Cylimder,-corthre mother) the 
more Helices there are, the leſs the SCrew ſuffers, ior when. 
there ate wan) Helices, the weight is diſttibüted 1b them, 
which would preſs,” or lye'gn one only. I W 9101 
Fig. 85. To this Engin we may befer à Celtain invention ob- 
vious enough, which we do not uſe to increaſe” the force of 
power in order to motion, bur a to ſuſtain a weigh For 
if ahout any Cylinder there be Was e one 'fpix naböut 
which a rope Is turd," 5 vou Hd che rope 1 Hy, or 
preſs it again the Cylinder, the weight, alhbupk it "great, 
will be ca by the Ropes,' being adjotn' d to che linder: 
Theſe Channellin Or Owing are uſeſul if N e 
minded to defc 22 2 high? r without © danger and 
chat ſwiftly} or fly, ecording' t pledſfure d e bit 
Awgers, Wimbles, and Piercers, are referred to theScrew, : 
which enter.the cafier. by being made ſharp in the nature of 
a Screw, as experience teac uin g reat-Awgers, With Which 
Pipes are boarcd to'Convey ater from ountains, becauſe its 
apex repreſents the figure ws bel , which of its own accord. 
enters che Wood ſo eee little need. of FOree.. 
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18 2 Wedge be a 3 1 5 there 
fore of ſome, is ſcarcely. a{cribed to the number of 
Engins, nevertheleſs it is of ſuch force, that deſervedly it finds 
a place here. 
be Wedge is a riangular Priſme,, whoſe two xeRangles 

end in à common zight, oed } 

And chat it may be uſeful, it -oughr. = be made of 01 
matter, as of Iron, or Wood, and ſuch, like. 

Its uſe is in the cleaving of Wood, parting of Sian ed 

dividing other bodies that may be cleft, or cloven; a ſlit being 

made in the bodys, the edge of the Wedge is thruſt, in, and 
and a ftrong percuſſion, * added, forces. in the Weder 
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The force of the Wedge explained. 


Fig. 86. D. reaſons are alledg'd for the force of the 
Wedge, and firſt from Ariſtotle ; in Queſtion 17, 
ak Wedge is Dot to a double Leaver of the firtt kind, in 
this magnets to wit, let the * be A BC, Ariſtetle under- 


ſtands 


Book VI. Alechanick Powers. Tos 
ſtands the line A B, as a Leaver of the firſt kind, whoſe prop 
is D, the power in A, and the weight in B, to wit, in the 
end, or cuſp of the Wedge: In like manner let B C be ano- 
ther Leaver, whoſe prop is in E, the power in C, the weight 
in-B. | 6 
Notwithſtanding, this explication is altogether contrary to 
the proportion of the Leaver; for by how much greater the 
diſtance is of the power from the prop, the greater is the 
force of the power, in other like caſes; but in this caſe it is not 
ſo, for if the Wedge be made ſhorrer, and the power be in 
KL, and not in A, nevertheleſs the force of the Wedge will 
be the ſame: I ſay, the ſame of the leaver CB. 7 
The ſecond is falſe, that the Wedge touches the Body to be 
divided with its point, or edge, becauſe, that for the mot 
part the extreams D and E only touch; neither when we mea- 
{ure the force of the Wedge, do we regard the proportion 
which is found between A D and D B, but how much the 
ſharper the Wedge is, or the leſſer angle it contains, the caſier 
it divides. Po | 

Whence Ubaldus in. his Mechanicks imagines, that if the 
Wedge be recalled to a Leaver, tis to be explicated by a 


double Leaver of the ſecond kind, whoſe common prop is in 


the edge, or point B, the power in A and C, but the ſame 
inſtances occur as before; I add moreover, that a Wedge may 
want A point, and nevertheleſs be as apt to divide as it was 
before; ſo that the inclination of the planes remains the 
ſame, touching in the points in which the body is to be cleft. 

Fig. 87. Wherefore others recal the Wedge to an inclined 
plane, as if the body to be lifted up be A, under which the 
Wedge B is laid, that body being moved upon an indined 
plane, for tis all one, whether the body be drawn upon the 
plane, or the plane move under it, for to aſcend tis thought 
the ſame; therefore there are in the Wedge two inclined 
planes. This conſideration is not abfurd, nevertheleſs, 1 con- 
tend that the whole difficulty remains, to Wit, that the whole 


doctrine of inclined planes is alike hard, labouring under the 


ſame principle, wherefore | 

Iſay, The reaſon why the forces of the power are increaſed 
by the Wedge, is, becauſe the power is moved much, and 
the weight but little, or the greater motion of the power is 


compared with the leſſer motion of the weight, and are joyn d 


together. P | Which 
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Which I ſhall ſhew, as in the Fig. 86. let the Wedge AB C 
be very ſharp, which by one or more E runs into the 
wood, the ſpace BF, in the mean while that the parts of the 
wood are ſeparated from one another accor ing to the 
ſpace D E; if the Wedge contain an angle leſs than 
60 degrees, B F will be greater than D E, and the power is 
moved according to the line B F, and the weight according 
to the line D E, wherefore fecluding percuſſion which way 
ſoever, if the power ſimply impel che Wedge, its forces are 
increaſed, according to the proportion of the line B F to the 
line D E. 


PROPOS. IL 


The ſharper the Wedges are, the greater force they 
| add to the power. 


Et there be any 2 Wedges, whereof one is more acute than 
the other; I ſay, that which is moſt acute, confers the 
greater force to the power ; for by how much the motion of 
the power, is greater than the motion of the weight, it hath 
greater force in reſpect to that weight. But a more ſharp 
Wedge is ſuch, that it requires a greater mc tion of the power 
in reſpe& to the mation of the weight, for in two triangles, 
having an equal baſe, that which hath the angle oppoſite to 
the baſe * acute, will have the longeſt ſide: But in the 
Wedge, the baſe meaſures the motion of the weight, and the 
fide the motion of the power, therefore Wedges moſt acute are 
moſt powerful. 8 ln 6G | 


Corollary. 325 
A Wedge whoſe angle is greater than an angle of 60 de- 
 grees, rather decreaſes than increaſes the force of a power. 
| | | et iD 
PROPOS. 


PROPOS. III. 
A Theorem. 
Divers kinds of Wedges. 


| A Lmoſt all Inſtruments which Artificers uſe to divide, or 

cut with, are += thy to the Wedge, as all fort of edge 
tools, Swords, Pen-knives, Nails, Axes, Hatchets, are Wedges, 
for neither is it eſſential to a Wedge, that the percuſſion of ano- 
ther body be forced between the body to be divided, for it 
may either be ſimply impell'd, or from a force conceived 
from the leading motion to divide it ; Awgers, and Piercers 
contain a Wedge. | 
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Of Percuſſion, or Smiteing, 
„„ DROBOE! Vo 
A Theorem. 
Experiences of Percuſſion. 


1 Being in company, ſome years ago, with my Ingenious 

friends Mr, Bankes, the King's Maſter Carpenter, and Mr. 
Morris Emmet, the King's Maſter Bricklayer, ſince deceaſed, 
among other things that paſs'd in our diſcourſe, Mr. Bankes 
was eaſed to ſay, that he thought there could be no reaſon 
given of the force of Percuſſion, nor no comparing the pro- 
portion of weight preſſing a Nail, or ſuch like thing, entred 
in a board, or Timber, to a blow ſmitten on the ſame thing. 
Indeed the ſaying was very difficult and abſtruſe, yet I remem- 
ber I rold him, that the learned and Reverend Dr. Wallis, and 

a | 1211 « #7 7 F | P 2 . | ; Caſſat 
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Caſſatus had writ ſomething concerning it, and alſo. the learn- 
ed Dechales, whole principles I deſign to follow. ©  _ 

Ariſtotles 19th Queſtion touches lightly on'the force which 
is produced from percuſſion; nevertheleſs, he explicates no- 
thing further, and as I may ſay, only propoſes a difficulty, 
to wit, that although a great weight be laid upon an Ax or 
Wedge, yet it conduces little or nothing to cleaving, but that 
a blow ſmitten with great velocity, affects much. Then he 
ſeeks how much gravity this motion adds; to the better un- 
derſtanding whereof, in the firſt place, I ſhall.refer ro expe- 
rience. . iT # 

The Firſt Experience then ſhall be, that that Percuſſion is 
greateſt, whoſe motion is ſwifteſt, from whatſoever cauſe the 
ſame motion proceeds, whether it be circular, or right, tis 
little different. From whence it comes to paſs, that a Ham- 
mer, or Mallet, furniſſit with a longer handle, males a ſtron- 
ger blow, becauſe that power can impreſs a ſwifter motion, 
for if it be moved with equal velocity, whether it be furniſht 
with a longer or ſhorter handle, the percuſſion would be 
equal; alſo thence I think. may be concluded, that laſting mo- 
tion adds nothing to percuſſion, unleſs there were a diſpoſition 
to ſwifter motion. And therefore, if the Hammer ſhould be 
moved equally about fome Center, it would not ſmite ſtron- 
ger after a laſting motion than after ſome ſhort motion. Alſo 
tis clear, that when ſomething is ſmote wich a Staff, or a. 
Sword, the ſtroke is ſtronger about the end; becauſe then the 
ſtaff is moved about the hand, as about a centre, whence the 
motion is ſtronger about the end, I ſay about the end, yet; 
not in the end, by reaſon of another proportion. 

Secondly, A greater body although it be moved with equal: 
velocity, with a leſſer, produces notwithſtanding: a ſtronger. 
blow; for *tis certain, While two bodies of, the lame matter 
and divers magnitude fall from on high, they deſcend almoſt. 
with equal velocity, fo. that the difference is: very ſmall, to 
wit, ſo much only as is. begat in the reſiſtance. of the air pro- 
portionally in the leſſer body to the greater, nevertheleſs, the 

greater body 1 47 a ſtronger blow, which effect cannot 
be only attributed to the greater gravity.; for let there be a 
ſtake ſtuck in the ground, and let two bodies deſcend: from an 
equal height, one of 100 pounds, the other of 200 pounds; 

is. cextain that there will be a ſtronger impreſſion mw the 
e cond 
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ſecond, which cannot be attributed only to the gravity ſimply 
taken, for if this ſecond body be put on the ſtake and gravitate 
on it, or ftrould falt on it from on high, the impreſſion from 
a body leſs heavy, would not be ſo much: Therefore a heavy 
body falling, makes a greater ſtroke than a lighter body, and 
this impreilion ought not to be attributed only to the greater 


= 
* 
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8 The Third Experience. While a body is moved about ſame 
centre for a continuance, tis eaſier ſtopt or ſtay d if you lay 
hold of it by the erd, than by any other part nearer the 
Centre, which is to be underſtood if it be hinder' d before the 
motion, or in the beginning of the motion, for if you wait 
till the motion be engender'd, it will be otherwiſe, | And the 
reaſon of the firſt, is obtain'd from the proportion of the lea; 
ver ; the reaſon of the {;,cond ought ro be, becauſe the mo- 
tion is, grearer in the en, and esa 9, BFFAKEL, np 
is acquired. e e Ane 
The Fourth Experience. The ſtrongeſt blow of a Sword is not 
about the point, nor as fome thiak about the Centre of gra- 
vity,, but between the point, and the cen 70 of gravity ; yet in. 
general tis true, eee ove , Having the great- 
eſt part of its weight about the end. \2 ſtronger blow follows. 
than if itproceed from one continuatid 


by 


* 


gance, wherefore ſome make 
a little channel within the Sword, and Include Mercury there- 
in, which conveys the force of percuſſion to the point, and 
makes the ſtroke ſtronger. Perhaps, while a body is extended 
in one order, tis moyed more difficultly, agd therefqre its ve- 
lociry 3s, not ſo great, and conſequently its ſtroke not fo. 
ſtrong. ante on do nie nk mma 
Fig. 88. Tye Fifth Experience. While 4 body ſinlfcing de- 
ſcends, it Cauſes as great. 4 ſtroke; if only one Part of it fall on 
the ſubjected body, as if the whole body FL onde. that is, 
if 2 equal bodies & and B, fall from the fame height, the firſt. 
whereof ſmites the ſtake C only with ſome part of it, il tf 
other according to ĩts whole loweſt ſuperficie, yet an equal ſtroke 
follows, which 1 Nabe found by experfence, that 1 might 
confute the opinion of ſome, eſteeming the Air fqueez'd be- 
tween the 2 bodies, $9, cc much to the blow, yea, they 
will have all cutting or (levi 8 to be from ait incl uded With- 
in che Pores, being violently impulfed from the dividing body,” 
for they will bafe a 19 be in l harp, and conſequently; maglt 
{29 i 6 A107 1133 OJ enen 70 Er 11S #2091 4d R 8 
apt to divide. K PR 
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PROPOS. V. 

BY A Theorem. 
Divers meaſures of Percuſſion. 


Fig. N hard to meaſure percuſſion that is made by a 

| 1 living power, ſince it depends on force, and 
free and voluntary endeavour, and hath the proportion of the 
body moving, or ſmiteing, for although a greater Hammer ef. 
fects a ſtronger blow in other things of the like nature, yet 
if it be not fo ſwiftly moved becauſe of its heavineſs, the per- 


cuſſion which follows is the weaker : Wherefore tis conve- 


nient in the firſt place, to reduce velocity to a Certain mea- 


_ Suppoſe then a Hammer AB, whoſe whole length is & feet, 


Which is moved by a man to ſmite. I ſay, if it be moved e- 


qually with the ſame velocity which he hath in himſelf in the 
inſtant of percuſſion, and in the ſpace of one ſecond minute, 
ſhall make 4 circulations, that is 144 feet, (allowing the pe- 
riphery to be but 3 times the Diameter): If the fame Ham- 
mer ſhould fall according to the equality of the force of gra- 


vity, and accelaration of heavy bodies, it would not arrive to 


accompliſh 144 feet in 5 ſecond minutes, and it ſhould fall 


from an altitude of 425 feet. | 


From whence tis concluded, that the altitude 425 feet is 
the meaſure of percuſſion made by the man, or the Hammer 
has ſo much velocity, while tis ſtrongly ſmote, or impell'd, by 
the man, as the hammer would have had, if it had fallen ſingly 
from an altitude of 425 feet. en 

I have been willing to examine the calculation made by 
Mirſennus, but could never find it anſwer experience, for we 
often uſe a Pendulum of 3 feet, one ſwinging, or ſtroke whereof 
is preciſely equal to one ſecond of a minute; and we have 
found in a Semivibration, or, in the ſpace of half a ſecond, 


little more than 4 fest, to be paſt over by a body falling, viz. 
about 4, feet and ; but according to the proportion ob- 


ſerved 
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ſerved by Galileus, it ſhould be 17 feet in one ſecond, where- 
fore in the ſecond ſecond it will be 51 feet, in the third ſe- 
cond it will fall 85, in the fourth 119, in the fifth 153, 
which being all added together, make 425, therefore the 


blow of the Hammer ſtruck by the man, is equal to that 


which is made by the ſame hammer falling 425 feet; in this 
ſuppoſition the fpace which is paſt over by heavy things, de- 
ſcending, is reckon'd to procee according to the ſeries of odd 
numbers. * e 1 
But whatſoever the compariſon be of the Inpetus, or force, 
produced from a man ſmiteing;and the Tmpetus produced by a 
weight falling; *cis certain, that there is no Impetus produced: 


from a man's ſmiteing, to which there cannot another be gi- 
ven equal to it from a body falling: But hithertoo the whole: 


difficulty remains, vis: how we may meature the acquired 
Impetus, from a body falling from a determined height; let 
therefore a hammer weigh x pound, driving a nail at one 
blow (or percuſſion) one inch, whofe force is equal to that 
which it would have if it fall from an altitude of 425 feet; 


and ler it be demanded what weight being only laid upon the- 


Nail, will force it in one -inch, - but that weight muſt be mo- 


ved equal to the ſpace, to wir, it muſt. alſo -be moved one- 


inch. 


Many have been the opinions concerning this thing, for 


ſuppoſe a hammer of i pound, and 1 foot long, and let it be 
made after the manner of a Cylinder, ſome think, if there 
| ſhould be a Cylinder made of the ſame thickneſs, viz. 1 foot; 
and 42; feet long, to wit, as much as is the altitude of the 
fall, which is equal to the percuſſion, and this Cylinder be put 
upon the Nail, it will force the nail into the board one inch, 
nevertheleſs, I ſee not on what foundation: for ſuppoſing the 
hammer to be half the length, and to have the ſame gravity ;. 
according to this conſideration, it requires a weight doubly 
greater, Which is abſurd, therefore ſince this determination 
depends on the thickneſs of the hammer, which in this caſe 
hath. no place, for neither will Wo hammers of divers figures, 
and rhe ſame gravity, have divers effects. 


Others will have it, that a hammer of 100 pounds deſcend- 


ing with one degree of velocity, will have the ſame force as a 
hammer of 1 pound, deſcending with a velocity as 100, 
which I eaſily grant: But hicherto I think nothing is effected 
Ae neither 
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neither is, there had ſuch, amzaſure as we require, to wit, 
ſome weight to which percuſſion is equal, or a weight which 
is moved in the fame manner as a nail, although it drive it one 
inch. ER 1 rig) & WT 
Mr. Hobbs reduces all percuſſion tothe firſt endeavour which 
the weight hath, but Knows not Whether the firſt endeavour 
given be indiviſible anddeterminate, and fo in this explication 


» 


he wraps himſelf in queſtions of continual diviſion. 
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10 PROPOS. VI. t ; 


Opole a hammer of 1 pound, and let it be of any figure, 
O it matters not, which being ſtruck with the force; of a 
man, hath the ſame velocity, as if it had deſcended 42; feet, 
and drove a nail one inch, now tis demanded what weight 
this percuſſion is equal to: And 'tis certain, that a weight of 
one pound falling 425 feet, acquires a force to raiſe 1 pound 
425 feet, which IL thew in any Pendulum, wherein the weight 
aſcends almoſt the ſame as it deſcends. Therefore this per- 
cuſſion ſeems to be in equilibrio with a weight of one pound, in 
moving through 425 feet: But if you ask what weight being 
moved one inch, will be in equilibrio with a weight of one 
pound, moved 425 feet, multiply 425 by 12, it makes 5x00 
inches, in 425 feet; I fay, if a weight of 5100 pounds be placed 
-on the nail, the nail will be forced in one inch ; for one 
pound moved 5100 inches, is in equilibrio with 5100 pounds 
moved one inch, wherefore the percuſſion of the man ſeems 
to be equal ro 5100 pounds, which was to be ſhewn ; never- 
theleſs, there is a doubting in this calculation, becauſe that 
the velocity of the weight aſcending , always. decrealcs, 
*wherefore theſe things cannot be conſtituted, but according to 
the doctrine delivered of heavy bodies falling. 


© PROPOS. 


1 TIS 91D $94 


PROPOS. VII. 
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A Theorem. 
The quantity being given of a fake, or BY, CEP into 


any body by a determined weight, from a determined 


height, to find a wet gt w which will perform the ſame 
from any other height. 0 


F Et the weight A de rod pounds f: 

* I feet high, and driving the nail B one inch, 2 
weight is required, which falling from 40 feet high, will per- 
form the ſame effect; I ſay, it requires a weight of 50 pounds. 


The Demonſtration, The fa Ame effect is produced, if the quantity 


of motion be the ſame in both caſes : But the quantity of motion 


is the ſame, for a heavy body falling from an altitude qua- 
druple, 8.05 fourfold, bath double velocity of that which it had: 
But 100 pound movable with one degree of velocity, and 50 
as movable by 2 degrees of velocity, have the ſame 
motion: Therefore they ſeem to have the ſame eh cn 
verrholeſs, bom 8 1 ow übe ha begad from the 
reflexion of bo whi ongs * e 

things deſcending, * 4 * 5 h, 0 0 2. 
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Iron, in which the teeth are oc the 
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perceive a A way of makin s Engins for ax. occaſion, and | 


accommo m to. their uſe 
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fi 2. N P Iren Page Shes dong; matter, ; mas e 
* 2 leſſer A and C, and the. ole 17 


: the little wheel A hath- five ree and 
the nh. hel c the ſame ; but the wheel, B hath 20 teeth, 
and ſo is fourfold greater, anct Hatt One common axis with the 
wheel C, alſo make of the ſame matter gem Priſme DE 
with teeth, defend. bit every ſide Dall the daſe of wood with. 

- dreary vet bade art e vein, 

n, ſo that the tt; 2 AL ay: Re teeth 

of the 1 5 — e recth, — i e wheel. 2 hold of. 

the teeth of the Prilme DE, axis of the Wheel K 

ſtands our; w thour. WR fide 1 Ahe by S, and is turn'i d by 1 
handle G.F] „ and With 1127 1 85 ittle 1 05 rar, al 
which turns the Whe & tecth of. the wheel. 
C, running into the Kloß 0 Runde DE. ; the 19 8 up- 

wa until the laſt root near E be in the 2 0 = 

| wheel. 
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wheel C; if now D on the top be made hollow, or E on the 
ſide of _ the. Caſe ſticking out, be gut u under the Waggon, or 
other weight, and the wheels being rurn'd the Priſme aſ- 


cends, and going forth!of the Caſe, forces the weight u 
wards ; and if the wheels are 1150 the contrary way, 55 


weight deſcends likew 

8. 5 this Engin yon dag lekver, one end whitzeoP>Being 
put under the hollowing D or E, and the other end of the 
teaver lean, or ſtay on the Earth, and that part of the 
leaver, next the earth, be put under the Waggon, or other 
weight, and then turn the eld it 115 make 2 bo ompound 
Engin much ſtronger, which you | hote catef for ior 
deed ,many, Engins by addirion ic by 1 ce leaver 2 re” much 
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the handle. EF wich che rip 
infold ene Ae e e Fo 
about: And while 

B G H, drawn 3541 the Ml eys 6 1 
Axis: By this means, we may with great 22 raile t 
weight by the power F. I have cauſed the like Eng in 70 MM. 
made, by whoſe means, I did move a Milſtone with ſo little 
reſiſtance, that with a ſmall Silken Thred, faſtned ro the 
handle E, and pulPd by the hand, I have turn'd about the 
Screw, and taken it up, being the weight of 200 1 
and not broke the thread. And if inſtead go the han 

you fit a wheel furniſht with little boards, this being turn d 
' abou with the breath of the mouth, will raiſe the Mill-ſtone. 


Q 2 Engin 
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Engin. III. br 


Smoek of a Lamp. 


| Fig. 93 T His Engine is admirable to the Beholders, to ſee 

| it raiſe a weight of 150 pounds; it is altogether 
like the precedent, but that ir hath a pair of roothed wheels 

| between the Screw A, and the Pulleys, the firſt of them is im- 
mediately moved by the Screw, and the ſecond is moved by 
the firſt, and about its Axis the Rope turns round ; and that 
the Smoak of the Lamp may ſupply the force of the moving 
power, the centre of the wheel B C is firmly put into the Ax- 
is D of the Screw, whaſe Teeth running in each other, are 
rurn'd round by the Teeth of the Wheels C and B, fixt to the 
Axis of the wheel F G, parallel to the Horizon; this wheel 
is ſo made of a thin Iron plate tinned, over, that the whole 
plane of the Horizontal wheel conſiſting of the thin plate, is 
cut through with Channellings, and way for the Smoak ro 
paſs, in ſuch manner, that while the Smoak of the ſappoſed 
Lamp L, paſſes through by the oblique openings of the plate, 
it turns about the Wheel hung to the Glaſſey cover H, upon 
the point of 2 Needte, and ſo poiſed, that it may turn round 
eafily ; and if one Lamp doth not ſuffice, 2 or 3, or more may be 
added : Alſo there may be more wheels than the foreſaid two, 

and more little wheels of Pulleys. My Engine which performs 
the foreſaid effect, conſiſts of eight Wheels and Pulleys altę- 
| „ > 1 dn  enen OY Ah 
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Engin... IV. 

By whoſe means a mighty weight ts continually raiſed, 

although the Power 2 not continually applied, but 


now and then a little empulſe preſſes it on by it its own 
endeavour. | | 


Fig. 94. & Pply an Iron, or Stone Globe (or Ball) of a great 
| magnitude and weight, to a ſpear of Iron, or 
Wood CD, and let the Globe be vibrated together with the 
Spear about the Poles A and B; moreover let there be ſome pretty 
little arm EFL, fixt ſomewhere about the middle of the lit- 
tle Axis, or Pin K, but movable without any reſiſtance ; join to. 
this in E a crook F G turning caſily in F, let the end E, of the 
little Arm, be made like the point of a Sword, or Knife, (or 
little tongue) which may touch the Spear, being perpendicu- 
lar; then that part of the Spear which touches the little tongue, 
muſt be made ſharp in the ſame form, and extended ſo, that 
the little tongues reſpect and touch each othe. 
Then the Globe being thruſt with force, or being elevated 
and falling again by its weight, mightily effects the Vibrations. 
by going and coming back, and cach part of the Spear made 
ſharp in E, hitting againſt the little tongue of the arm, forces 
the pin FG towards G, which by that means, ever and anon, 
lays hold on new Teeth of the Wheel H, and turns round the 
Wheel, which cannot be turn'd back again, being hindred by: 
the pin P, endeavouring the contrary. Another little Wheel, 
being annext to the Axis of the wheel H, turns the Wheel. I, 
about whoſe Axis the Rope of the Pulleys L M being turn'd; 
takes up the weight N, being faſtned to the loweſt Pulley; 
wherefore, if after the perpendicular ſtands ſtill, and moves no 
longer, it be again raiſed from the centre and let down, its. 
vibrations will effect in the ſame manner as before for ſome 
time, raiſing the weight in the mean while, although no pow- 
er be applied, fo that the weight ſeems to aſcend of it * ; 
Vote 
Nate. 
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Note, That you may add one or two wheels to the wheel 
I, that the weight may be talcen up the eaſier, and leſs reſiſt 
the motion of the perpendicular; moreover in ſtead of the 
Pulleys, you may uſe a Leaver, or a perpetual Leaver, with 
Axis in Peritrochio, & c. Thirdly, the longer the Spear is, and 
the heavier the Globe is, the longer the motion of the perpen- 
-dicutar endures. + Feurthly, the upper part of the little Arm E, 
doth indeed endeavour downwards by its weight, but with 
o ſmall endeavour, that *ris eaſily moved by the Spear; the 
ſame end being but little inclined, ſo that a ſmall part of the 
little tongue be touched by the edge of the Spear; and ſo alſo 
the wheel H ought to conſiſt of ſmall ſaw teeth, otherwiſe the 
force of the perpendicular will be too much allayed. Ft, 
Tis better, that only the upper part C F of the Spear be ſolid, 
and the remaining part F D be of a little chain flexible. 
This Engin if it be ingeniouſly made, effects very well, and 
cauſes admiration in thoſe that ſtand by: Beſides, if the pow- 
er be continually applied to the Spear, or to the perpendicu- 
lar in D, Which will move it of its own accord, a vaſt weight 
may be taken up with very little labour; and although the 
Globe D be very heavy, yet becauſe it hangs freely, it is eaſily 
moved. In this caſe there is no need to make uſe of the 
little arm E F L, but 'tis ſufficient that the Axis A B of the 
perpendicular be extended to Q and there be fitted with a 
little iron hook, or catch, which may lay hold on the teeth 
of the wheel QR: Or the little arm FG may be joyned to 
the Spear C D in E, and move the Pendulum with an oppo- 


ſite motion, to wit, from F towards G: But this. Whieel in 
this caſe ought to obtain another ſite than before, to wit, its 
plane ought to be parallel to the line of motion, which the 
perpendicular makes; and its teeth ought to be retain'd by 
the like pin, leſt while tis free from the Claſp, or Hook Q. 
it return to the oppoſite part; likewiſe the whole Spear ought 
to be rigid, or hard. Yea, I confidently affirm, ſo that the 
{pear which hath the proportion of a leaver be long enough, 
a vaſt weight may eaſily be taken up by one man, with only 
the wheel QR, the rope being turn'd about the Axis S of the 
Wheel, although no pulleys be added; for the leaver hath 
great force, although it be not in uſe in taking up weights, 
vi. becauſe they know not the way whereby its motion may 
be continued; but we have found the precedent which is al- 
together 
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8 eaſie, and others of the like nature may be inven- 
For let the leaver be AB C, Whole prop is in B, and the 
power in A; by weighing down, or deprefling this leaver, its 
other end Clays hold on the teeth of the wheel DE, and 
moves it, the iron Pin G hindering it to go back; and at the fame 
time the rope E F being rurn'd about the Axis of the wheet: 
takes up the weight F; bur the prop B ought to be furniſht 
with a ring above, in which the leaver muſt be put, leſt it be 
caſily moved to and fro, being only a little hent, that it may 
be transferred from one tooth to another below it. 

Some things to be obſerved in the compoſition and ufe of 
Machines, or Engins. In the compoſition and uſe of the Engins 
aforeſaid! and of others of the like nature, ſome things our 
which deferve a peculiar obſerv ation. 
Firſt, Tis to be noted, that ſince in every Engin, that part 
which is next to the weight, feels a greater impreſſion, or re- 
ſiſtance of the ſaid weight, and alſo ought to be more ſolid, 
firm, and ſtrong: Example, In Axis in Peritrochio, or a toothed 
wheel and a-{crew, it will be convenient ſo to fit them toge- 
ther that the Weight may be fuſtain'd immediately from the. 
ſcrew, and the wheels applied to the moving power; and the 
{crew ought to be of more ſolid matter, and made more firm, 
ſince in to2thed wheels they cannot be made fo ſtrong, as to. 
8 ß rn OT ET Og OOTY 

This thing is of great moment, and therefore to be obſer- 
ved diligently in uſe, à ſcrew, and; alfo ahb are wont to be 
applied immediately to a Weight, for although a pulley ſeems. 
to be leſs firm and ſtrong to ſuſtain a burden; becauſe that the 
Axes of the wheels cannot be made ſo thick; notwithſtanding. 
each of them bears not the whole weight, even as neither any 
otie rope that is drawn, but it is in 4 manner diſtributed to 
every one; ſo that from all, one as it were makes the reſiſtance. 
fir to Overcome the weight. „ 


Secondly,” Tis to be obſerved, that ſome Engins may move 
2 weight, or alſo take it up ro ſome height, and yer notwith- 
tanding of ir ſelf cannot move it to any further height; fuch- 
are the wedge and the'leaver, the firſt of chem ſerving'only tor: 
cleaving, bur the fecond, if it be immediately applied ro, a: 
weight, tis manifeſt that it can raiſe it but a lictle height :- 
Wherefore as need requires, it behoves us to uſe a: 
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of Engines; but if toothed wheels, or ſcrews, immediately 
{ſuſtain a weight in the ſame manner that we have declared 
above, it acquires greater force, and will move the weight to 
a greater height ; alſoif a weight be immediately faſtned to a 
ſerew, it cannot raiſe it to a greater height than the length 
of the ſcrew : wherefore the ſcrew hath this conveniency, 
that tis firm and fit to ſuſtain a great weight, but cannot 
take up a weight very high: But on the contrary , the 
Pulley and Axis in Peritrochio can raiſe any weight to any 
height. ? 
Ee ly, In any caſe which may be propoſed, reſpe& muſt 
be had to the power, together with the weight which it 
ought to move, that an Engin be choſe which ſatisfies the in- 
tended end, for if the power abound, tis in vain to multiply, 
or augment the Engin, yea, with the loſs ot much time: For 
as much as the more the Engin is compounded, the more 
time is beſtowed in the motion of the weight: On the con- 
trary, it may happen, that ſuch an Engin may be choſe, 
by whoſe means the weight cannot be moved by the power 
propoſed, or not without a great deal of trouble. Where- 
fore according to the rule ſhewn before (to wit, the power 
muſt be increaſed in the ſame proportion, that the velocity of 
the motion of the power, hath to the velocity of the motion: 
of the weight) Firſt, you muſt obſerve how much weight the 
power of it ſelf can raiſe, or move, without an Engin, then: 
from the known weight which is propoſed ro be moved, it 
will be eaſie to determine what kind of Engin is required; 
where note, reſpect muſt be had to the proportion of the 
weight of the Engin, and chiefly tothe reſiſtance of it, which 
ariſes from irs parts, rubbing. or wearing, againſt each other, 
tor there are ſome Engins which make 1mall reſiſtance to the 
power, as Axis in Peritrochio, where there is no other rubbing 
or wearing, but in its two Poles ; alſo the leaver makes no re- 
ſiſtance by rubbing ; but the ſcrew becauſe of its many ſpires 
reſiſts much, and eſpecially if the ſpires be not very i 
and the convex, and the concave do not exactly anſwer each 
Other; in like manner the Pulley, the more wheels it conſiſts 


of, the more motion it reſiſts, becauſe of the multiplicity. of 
Axes, Which rub, or wear the Poles. | 


: 


* 


Föourthly, Obſerve in any Eugin, the Wedge excepted, ( "4 
which by and by) another Engin may be joyned to encreaſe 
we ih GER 
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its force, ſo to the leaver we may apply Axis in Peritrochio, 
likewiſe we may add the ſame to the Pulley. Laſtly, We in- 
creaſe the force of the leaver, by adding the Screw: Alſo the 
head of the leaver may be elevated by the Wedge, yea, dis 
oft-times uſeful to lay under the leaver a firm and ſolid body, 
then between it and the head of the leaver, the Wedge is 
thruſt and drove in. 3 
Fig. 95. Pulleys are not wont to be immediately applied to 
the leaver, for although the rope A D of the Pulleys may be 
faſtned to the leaver CE in D, and by depreſling the head of 
the leaver E may draw downward, notwithſtanding, becauſe 
this motion cannot be continued any further, theretore inſtead 
of the leaver, Axis in Peritrochio is wont to be uſed, which 
bath the proportion of the perpetual leaver, as is faid above, 
for the ſame reaſon the Screw is not added to Pulleys ; tor 
although this may draw the rope a little more, yet the weight 
is thereby only but little raiſed; wherefore this artifice may 
be uſeful in cafe the weight were to be raiſed but little from 
the earth; laſtly, the Wedge can in no wife help the Pulley 

being immediately applied. = 
The leaver may beneficially be added to the Screw, yea, 
without the Leaver, the Screw is not wont to move, as is obſer- 
ved before, it may alſo uſefully be added to Axis in Peritrochio. 
Alſo the Screw may be helpt by Pulleys, but they are ſeldom 
uſed, and the motion is but ſmall, as appears by conſideration. 
But no manner of force is acquired from the Wedge, ſince it 

is not applicable to it. Fatt e 

The Wedge only ſeems not to acquire force by means of 
other Engins, for tis not moved by the force of any Pulleys, 
or Cranes, as other Engins are, but only by . percutlion : 
Wherefore that the Wedge may acquire greater force, it be- 
hoves to find a proportion, whereby a greater percuiſion ap- 
pears ; and this alſo may better be done by other Engins, to 
wit, if ſome great Iron weight made in the faſhion of ſome 
Hammer, be lifted up by the Engin, and then falling by its 
weight on the Wedge, it forces it in; but eſpecially by 
the Leaver A B, whoſe Prop is C; if to the end A, Fig.g6. 
there be fitted a great Iron Hammer, or Beetle, which  _ 
being elevated by the turning of the wheel G from F towards E, 
for it the wheel be fitted with Pins, while theſe are born down, 
they hit int the end. af the| deter B, asser MIA 
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chat depreſſing, they take up the hammer A, which by its 
weight falling again drives the Wedge D: And the wheel 
G may be moved by a multiplied proportion, or by other 
wheels annext to the fame, or by a capſtand, or any other 
way : Commonly in Smiths Workſhops 'tis moved by the 
force of water falling on the little boards of another greater 
wheel, fixt to the ſame Axis. | 

Hence it appears, by what artihce Engins are to be coupled, 
or join'd together, and what is to be obſerved in their com- 
bination, or complication, according as there is need of grea- 
ter, or leſſer motion, for the railing of heavier, or lighter 
weights. 
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Engin V. 


Fig. 97. T HE Capſtands, or Windlaces, which obtains a 
vertical ſite are of great ufe, becauſe that they 
may be moved only by Animals, or Cattel, Whieh alene pro- 
perly and vigorouſly move with an Horizontal motion; ne- 
vertheleſs, it hath this inconveniency, that one weight being. 
raiſed up, the Engin ought to be turn'd about with a con- 
trary motion, and fo much time will be loſt, while the Horſe 
is fitted for tie oppoſite part; therefore, to ſhun this incon- 
veniency, let the Engin be compoſed of two windlaces A B, 
CD; tothe Horizontal. one alen faſten ropes with rwo 
Buckets 5 for example) to draw water, or rafſe another 
weight, ſo that while one Vellel aſcer ds full, the other may 
deſcend, you muſt fit to the Axis of the fame windlace, two. 
roothed wheels, or tympanes G and H, beneath the toothed: 
wheels, let there be another windlace C D, furnifhe with ano- 
ther Tympane, or Horizontal wheel, G H, which ſuppoſe to 
lay hold on the wheel G, while the weight E is raiſed, and 
the empty veſſel F defcends ; then the weight E being raiſed, 
move torward a little the rympanes, or wheels G ard H, ro- 
wards B, that the tympane, or wheel G, may forfake the 
teeth of the wheel, and theſe may be implanted to the other 
tympane, or wheel H, which may eaſily be done ſeveral ways; 
tox ſo the windlace A B will be turned on the oppoſite gs 
. i ar. d 
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and while the weight F aſcends, the veſſcl E, being emptied 
in the mean time, will deſcend, and they will always afcerd 
and deſcend alternately, or by turns; alſo if the power (ſuppoſe 
a horſe) be applied to the end 1, of the leaver I L, it will 
turn about to the ſame part continually. 

Or the tympanes, or Wheels G H, may caſily be fitted, fo 
that always either may be ingrafted to the cppoſite teeth of 
the ſame wheel C; but nevertheleſs, they muſt be made 
movable about the Axis A B, yet ſo, that by means of the Ein, 
or the ſmall leaver, N;and\M may.cafily-be joined with the 
Axis, or Windlace, as often as you pleaſe, for ſo by alternate 
force one tympane or wheel, which ſhall be firſt made firm in 
the Axis, by help of the leaver, reſiſting the moving wheel: 
will move the windlace, and take up the weight, while thc 
other free from the pin, will obey the moving whecls in like 
manner, as if it were not. 

But if you would apply men to the vertical capſtand, oi 
windlace, fince theſe are eaſily fitted to the contrary part, at- 
ter the weight is raiſed, - yea, they may commodiouily turn 
about, leſt they ſhould be giddy with the motion always one 
way, you may fit a double veilel to draw water in the ſame 
manner, as appears in Fig. 98. 

Moreover a windlace in a vertical ſite, if it be fitted eicher 
of the foreſaid ways, it will much better perform the effect, 
than a wheel, or a crane, which many uſe not without danger 
of their lives, for if a rope, as it ſometimes happens, ſhould 
break, thoſe which turn the wheel, from the great force pre- 
conceived, are thrown out of the wheel, which cannot hap- 
pen in a vertical windlace. | 

This ſame windlace, or capſtand, Seamen ule, to bring in 
great weights into their Ships, alſo to draw up their Anchors, 
in which Engin this is to be noted, that becauſe the Cables arc 
ſo thick, that if they were many times wound about the wind- 
lace, or cylinder A B, in Fig. 99. the Engin would de rendi ed 
uſeleſs ; therefore they only receive 3 or 4 Spires of the rope 
about the cylinder, ſo that while one end of it C, is turn d 
about the windlace, the other end D is thrown away; and 


that the rope ſhould always conſiſt in the middle of the cy- 


linder, the cylinder muſt be made in the manner of a Cone, 


broad, or thick in the bottom, as you ſee in the figure; and 


by this means the rope will always be kept in the middle. 
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Engin. VI. 


To remove a Mountain, or heap of earth, from one 
place io another eaſily and quickly. 


Fiz. 100. T ET the Mountain, or Hill, or heap of Stones be 

A, to be removed to the place B; to ſave time 
in going and returning from one place to the other, as alſo, 
that the motion whereby the Earth, or Stones, is transferred 
from A to B may be ſwift, we may make uſe ot the following 
induſtry : EreR at the foot of the Mountain, or in its middle, 
a great and ſolid wooden column, or piece of timber CD, 
and ere& ſuch another in B, viz. E E, affix at top of each 
piece, or column, the wheels D and F, and make hollow each. 
wheel in the circumference; and put about them a great ſtrong 
rope, extended parallel ro the Horizon : Bur it the diftance 
from A to B be great, leaſt the rope ſhould: be roo much 
ſtretcht or bent, raife other ſuch like picces, or columns in the 
middle, with their wheels made hollow as aforeſaid, to 
ſuſtain the rope parallel ro- the Horizon; on the rope thus 
doubled; here and there hang baskets, which muſt be ſo far 
diſtant from each other, that they-hinder not one another; and. 
the ends of the pieces mult be ſo placed, thar the power ap- 
plied to the leavers G and H, may be turn'd about their 
Centres; for ſo the whole Rope with the Baskets hanging on 
i, will be turn'd about ſucceſſively: Wherefore, if men keep fil- 
ling the baskets in A, and others unload them in B, the 

whole hill will be eaſily transferred from A to B: 

Where Note, That the greater the wheels D and F are, the 
ſw ifter the rope and baskets will be turned about: Which mo- 
tion about the axis, or piece of timber being eaſie, may be ac- 
compliſht by means of ſhort leavers, that ſo the motion of. 
the baskets may be greater than the motion of the power 

about the piece of the timber. Beſides the ſaving of labour, 
and the gaining of time, which is effected by this Engin, it 
hath likewiſe this conveniency, that if between the two places 
A and B, there ſhould be a river, or ſtream; or ſuch like in- 


acceſſible, 
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acceſſible, as if the Earth were to be transferred from a Mound, 

or Hill, to the next adjoining Fields, and there were a large 
deep Mote, or Ditch, between them, you could ſcarcely 4 
tain your deſire any other way. 
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Engin. VII. 


To draw Water, or Mineral matters, out of deep Wells, 
or Pits. | 2 


Fig. 101. Cnr Agricola deſcribes five divers Engins, in- 

vented and uſed to this end, in his 6th book 
of Minerals; the firſt 3 whereof are wrought by men, the 
other two are turn'd about by. horſes, in allof them he uſes. 
a double Bucket, or Basket, one of which being empty de- 
ſcends, while the other being full is raiſed up; in theſe Engins, 
if the Pits be deep there is this inconveniency, that when the. 
double rope is of ſuch length, as the depth of the Well, it is- 


neceſſary that it be turn'd about every where on the Axis of 


the wheel; and it will take up much ſpace on the Axis, and: 
require the Axis to be the longer ; and by how much thicker 
the rope is, the Axis requires to be the ſmaller ; whence it 
will happen, if the Well be not broader than the whole ſpace 
of the Axis, on which the rope winds about, the Buckets, or 
Baskets, will hir againſt the ſides of the Well, and retard. the- 
motion ; but if you makethe Axis thicker, there will be few- 
er Circumvolutions of the rope, and it will occupy. a leſſer 
part of the Axis, but then it will require a greater force of. 
the power to raiſe the weight, or wheels much greater, to- 
which the immediate power is applied; moreover, that which 
makes to the preſent thing, and is. of greater moment, is, 
that the motion whereby the weights aſcend, is for the moſt. 
part very flow ; wherefore we will.defcribe this Engin, by 


whoſe help the weight is raiſed with a motion doubly ſwifter. : 


than cke motion of the power. For let. there be a wooden 


Cylinder A B, erected perpendicularly, turning, eaſily on its. 


boles, 
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poles, on whoſe head fit a little wheel A equipped with ſmall 
Cylindrical ſtaves, being a kind of cog wheel, but in the 
middle ler it be fitted witha leaver, or a double one C C, to 
which the power is to be applied : And we will ſuppoſe the 
power any way applied in C, the circumvolution of this Cy- 
linder to me circularty through the circumference of ſix 
feet, ſo that four turnings round finiſhes 2 4 feet; and in the 
ſame time by means of the little wheel A, the wheel D E toy 
finiſhes a circuit by only one turn; but the wheel F G is 
rurned fix turns, or times, and then the Axis H I is moved 
onadraple of the wheel G, to wit, it makes 24 turns, or 
circumvolutions: Wherefore, if the Cylinder I H (on which 
the rope whereon the baskets are faſtned winds about) be of 
ſuch a thickneſs, that in its going round, or periphery, tis 
equal to 2 feet, the basket will aſcend 48 feet, viz. by a mo- 
tion doubly ſwifrer than the motion of the power applied 
in C. | | 

Perhaps ſome may ſay, that ſo many multiplications of 
\ wheels is not neceſſary, if ſo be the ſame proportion, whereby 
the velocity. of the motion of the weight increaſes, or of the 
baskets, above the velocity of the motion of the power, a 
greater power alfo, ought to be applied: Wherefore, when the 
velocity of the weight, is greater than the velocity of the 
Dower, it may be obtained by means of one Wheel only, all 

. the reſt are uſed in vain. | 
Ianſwer, that is true indeed, in ſpeaking Mathematically ; 
but Phyſically, and in Practice the thing is other- 
Fig. 1o2. wiſe, which may be ſcen at the firſt view ; for if 
* the power be applied immediately to the Radius's 
A, B, ſo that it move the Cylinder C D, with a motion 
doubly greater than tie motion of thoſe radius's, or of the 
power it ſelf, the power is more tired; but leſs, if the other 
wheels aforeſaid come between, or being diſpaſed in any 
other like manner, ſo that the circle which the power de- 
{cribes by its motion be greater: The reaſon whereof may 
be rwofold, the firſt is, becauſe when in this circular motion, 
the power being applied to the radius, the radius hath the 
proportion of a perpetual leaver, and the leaver as is ſaid be- 
fore, is changed in cach point of the Circle, alſo the motion 
of the line of direction, (that is to ſay, according to Which 
the power imptelles the force to the leaver) ought continually 
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to change, ſi ce it ought always to be perpendicular to the 
leaver; and *ris manifeſt, that a power cannot exactly every 
moment change the direction of its force, ſo that any force 
ſhall be according to a tangent line of its circle, for as much. 
as force recovers by turns, fo Inpetus impreſſes often times by 
turns, that therefore the whole Impetus cannot be guided to 
divers lines; therefore. ſince necellarily n ie cet of 
Impetus, ſubliſts in every animated power (of which only we 
are here ſpeaking) then the motion will be the eaſter, where 
the power ſuſtains leaſt of this imperfection: Bur this imper- 
fection is Iefler, if the motion of the power be circular, or. 
the motion of the circle be greater; if ſo be in a greater 
circle, the deflæxion from a perpendicular line, or tangent, be 
always leſſer, ſurely in going about, we move more eaſily by 
4 greater circle, than by a leſs, as appears manifeſtly in the 
practice of horſes going about, for as much as while they con- 
tinually bend, and endeavour to make a new line of motion, 
they are much tired. 

The ſecoad reaſon is. becauſe as appears in the ſaid Engin, 
Fig. 101. the motion of the parts of the Engin decreaſes, even 
to the wheel F, which. is again moved: more ſwift by the. 
wheels E and D, ar.d. alſo effects a {wifter motion in the Axis: 
I H, and in the weight bound to the rope: For from this 
decreaſe of ſwiftneſs, even to a certain limit of. the Engin, 
and again from a new increaſe, even to the end of the ſame 
Engin, and. to the weight it ſelf, it comes to pats, that the 
power ſuſters the leſs reſiſtance: J ſay, the ſucceſſive com- 
preſſion of the parts of the Engin, or the endeavour of the 
Inpetus is propagated. from the power towards the weight; 
and ſince the motion is more {low about the middle of this. 
Engin, than in its other parts, there, after a certain manner, 
is the reſiſtance of the weight gathered together, that there- 
fore the power may ſuffer the leſs. trom this chiefly, becauſe 
the directian of ſapetus from the power towards the weight | 
often-times coming, unlookt for from new Impetus s, neceſſarily. 
proſecutes its Journey towardsthe. weight, nor cannot reflect it 

to wards the Power. f FI A 
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'To apply a wheel to the precedent Engin, and to other's 
y the like lind, by means plete? the power is eaſed. 


TD Ecauſe the Enginlaft deſcribed, and all others of the like 
J nature, for the moſt part require the power to be ſuffi- 
ciently NODE, in as much as it ought to produce in the mo- 
vable, a ſwifter motion than the motion which moves it; 
therefore no Induſtry muſt be ommitted, whereby the power 
may by ſome means or other be helpr, or leſs tyred. And 
that will beſt be done by adding a wheel of ſome heavy matter, 
and altogether ſolid to the Engin, as if tothe Axis A B of the 
precedent Engin, there be faſtned an immovable wheel made 
of Stone, L N, parallel to the Horizon: For although at firſt 
ſight ir ſeems rather be be an impediment, nevertheleſs, it ap- 
_ pears by experience to add much to the acceleration of the mo- 
tion, With leſs tyring of the power; for if it be exactly in Equi- 
librio, ſo that the Axis paſs preciſely through the Centre of gra- 
vity of the Stone Wheel, it will reſiſt its circular motion 
little or nothing, as from what is ſaid may be eaſily gathered, 
and as it clearly appears from what hath been ſaid of circular 
motion; but from another original, whence once it hath con- 
ceived an Impetus, it retains it Jong in it ſelf, and the more, by 
how much the heavier it is, ſo that for ſome ſpace of time it 
will move other wheels and the weight, by only that Impetus 
conceived at firſt, without any new impreſſion from the Power; 
whence it happens, that although the power ceaſe for a little 
time from impreſſing a new Impetus, or at leaſt doth not ex- 
ert its force always uniformly, or produces an unequal Impetus; 
nevertheleſs the Imperus conceived by that wheel, ceaſes not to 
propigate further, and reduces that inequality, or deformity, 
to ſome kind of uniformity and equality, which how much 
tis in the preſent affair may eaſily be collected from what hath 
been ſaid before. 
But now obſerve, this kind of wheel may be fitted to the 


Engin 
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Evgin in divers parts, and ſundry ways; and firſt, as to that 
which pertains to divers parts ; tis maniteſt in the Engin now 
deſcribed, that it may be applied either to the Axis or Cylinder 
A B, or to the Axis E N of the ſecond wheel, or to the Axis 
F G (in which caſe it will have another ſite, or poſition, viz. 
erpendicular to the Horizon, or vertical) or laſtly, it may be 
placed alſo to the Axis H I : Wherefore tis queſtionable hat 
place it ought to be fixt, to perform the beſt effect. I ſay, 
then it will perform the beſt effect, it it be placed there were 
the greater force of Impetus is gathered together, to wit, in 
that part of the Engin, which ought ro move moſt ſwift; for 
ſince it better obtains its end by conceiving a greater Impetus, 
and ſince by reaſon of more gravity, tis capable of more Hnpe- 
tus, tis plain that it muſt be placed there, where the greateſt In- 
petus 15 conceived: From hence it is that in the Engin deſcribed 
above, tis better placed ig the Axis IH, than in the Axis 
GF, becauſe that is moved {wifteſt : And better in the Axis 
G F, than in the Axis A B, becauſe while the Axis G , is 
turn'd round fix times, the Axis A B is turned orly 4 times; 
Laſtly, tis better placed in the Axis AB, than in the Axis 
E N, ſince this is turned ſloweſt of all. But when tis placed 
in Engins, whoſe parts the further they are from the power, 
are moved {lower and flower as ſome are, this wheel will be 
more conveniently placed to the firſt part of the Engin, to 
which the power is immediately applied. But contrariwiſe 
in thoſe Engins in which the motion is ſwifter, the more the 
parts are diſtant from the Power, the wheel muſt be fitted to 
hindmoſt parts, agreeing with the more remote parts from 
tie an rats, 1no-al-al% e 
Alſo obſerve, whereſoever the foreſaid wheel is placed, it 
ought to be the more heavy, by how much flower it ought to 
move; but if it be placed where it moves ſwiftly, a leſs pro- 
| portion | of weight wall ſerve ; For as much as: It appears from 
| che doctrine of circular motion, that the heavieſt, wheels main- 
tain the impreſt Impetus longeſt, although they are moved 
il»wer than the wheels that are lighter, which lighter wheels, 
if an equal Impetus be unpreſt they move ſwifter, but ſooner 
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part with or looſe the Impetus. | 2111 1% Ago al 
Moreover, I obſerve, and I propoſe it as a new invention 9 
in this matter of great moment, chat tis poſſible by means of x 
2 this Wheel, to promote the celerity of the motion much in | 
Ee | 8 the 
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the movable, or thing moved, bur adds but little to the 
ower. e 
Pope 103. For let the Power be applied in H, which moves 

| the Axis AB, and by that means the wheel B C, the wheel D, 
| and at laſt by the help of this, the little wheel E, with the 
axis E I, to which the rope is faſtned, and turn'd about, that 
takes up the weight, or for any other uſe. In this Engin you 
ſee the mot ion always accelerated from the power towards the 
weight, or the Extream part of the Engin E I : If therefore 
rs be ingrafted-to the Axis EI, a wheel of an indifferent 
weight, but yet large as F G, this from what hath been ſaid-- 
will notably promote the Celerity of the motion, ſo that the 
ſame power may be effect aſwifter motion, uſing only the ſame 
power with this wheel than without it:: Now therefore, ſince. 
the Impetus-Once Conceived, may eaſily be continued by this 
wheel, ſome power being added- immediately to it, which 
either continually, or at leaſt now and then, and often will 
renew. that conceived Impetus: Example, a rivuler of water 
falling from on high, on the little boards, or rather bucket of. 
this wheel; it will come to. paſs, that how little ſoever this 
impulſe be, while tis in a manner continual, or at leaſt often, 
notwithſtanding being added to the impulſe already. conceiv- 
ed from the great wheel to this wheel, and ſo alfo to the mov 
able, it effects the Celerity. | 

Secondly, The foreſaid wheel: may. be placed either in a 
perpendicular axis, ſs that it may obtain an Horizontal ſite, as 
is ſeen. in the foregoing Figure, or in an Horizontal axis, ſo 
that it may obtain. a vertical ſite or perpendicular to the Hori- 
zon, as in the preſent Figure: And although in order. to mo- 
tion, the facility differs little, which way of the two you 
place it; notwithſtanding, I eſteem it more neceſſary to be. 
placed in a vertical fite, becauſe, when in this caſe, the axis 
to Which tis applied neceſſarily ought to be Horizontal, the 
weight it ſelf of the wheel lies on two Poles, and ſo being di- 
vided between two, each Pole ſuffers leſs compreſſion, and the 
reſiſtance is leſs which ariſes from the wearing, or rubbing of 
che ſame Poles; But if it. be placed on a perpendicular axis, 
the whole weight of the wheel lies on one Pole, wiz. the 
loweſt, it may ſeemꝭ to retard the motion of the other heels: 
Nevertheleſs, becauſe that very often the motion of the. axis 
is wont to be made. in a perpendicular fire, bearing on 4 3 
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middle part of the lower Pole, they ſharpen it ſo, that the 
whole weight is born on a ſmall part of the Cavity, that, as 1 
* ſaid, therefore, the wheel may move the others with more 
eaſe. | 
Laſtly, The fame-. wheel, of which we are ſpeaking, may 
be uſed doubly in a vertical fite : Firſt, ſo that it ſtand wholly 
'hang'd up in the air, and equilibriated, as in the preceeding 
Engin. Secondly, So that it inſiſt or ſtand on the ſubjected 
pavement, and turn'd about upon it; in which caſe it hath 
alſo more force, than if it were ſuſpended wholly in fome 
axis: But the Payement ought to be made level and plain, and 
folid, as of poliſht marble, or ſuch like matter, and the cir- 
cumference of -the wheel,. which immediately rouches the 
pavement, ought to be exactly turned, that no impediment 
retard the motion. So the wheel A B being applied 
to the extream part of the leaver C D, to which Fig. 104. 
leaver in like manner, apply a power moving the 
Cylinder, or Axis D E, and by this means, the wheel E, and 
oftentimes other wheels, for while the Cylinder is turned about 
by the Leaver, the Wheel A B, roles about its Leaver, lean- 
ing on the pavement, and from a double motion, to wit, one 
about its centre, or about the Leaver C D, which is inſtead 
of an Axis, and the other about the Cylinder D E, while ir 
runs out from B to FE, &. And in this manner, ir may be ap- 
plied almoſt to all Engins, but eſpecially, io thoſe with which 
we uſe to move great weights. And the greater this Wheel 
is, the better it performs the effect, ſo that the weight be in 
propo. tion to the power applied. 


e Engin. 
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Engin. IX. 


To raiſe the Water of a Fountain always flowing, 
to any height, by a voluntary motion, although the 
height be greater than that to which the Water de- 
ſcends. 9 


Fg. 105: 1 Invention, if you entertain the perperual. 

| motion, eaſily ſecures to it ſelf the chiefeſt 
place: For tis eaſie to draw Water by a voluntary motion, 
to. a greater height than is that from whence the Water of the 
ſame fountain deſcends, as is manifeſt in SpiritaF Engins, but 
to give it a continual motion, that it ſhall, never require the. 
hand of a man, this without doubt deſerves great praiſe. 
This Engin contains two buckets, filling them from the: 
fountain, of which while one aſcends the other deſcends con- 
tinually, without any labour, and ſerves the Water for Do- 
meſtick uſe ; therefore to make the Water aſcend. to a ſpace 
doubly greater, than is the ſpace of the Water deſcending, it muſt. 
be diſpoſed in this manner, as is repreſented in the Scheme... 


hy © 
— 


A, Is a Veſſel, or leſſer Bueket which afcerd-th, this being. 
full, weighs leſs than the Bucket M being full, Which deſcends; 
but being empty that weighs more than this when empty; 
Hence tis, that while both are filled together from the vellel. 
8, the Bucket M deſcends, and by its weight draws the Buck- 
et A up: But on the contrary, while both together are emp- 
tied, the Bucket A deſcends, and by its weight. draws up the 
Bucket M, - 

B. Fl:ps to keep the Water in, tyed with a. ſtring to the 
teaver D, this Icaver D turning eafily about tle Axis C croſs- 
white, while the Bucket is raited up on high, hits againſt the 
piece of timber Z Z, and. opens the flap B, and gives way for 
the Water to pals through the little Pipe E into the Veſiel X. + 
The faid flip B being ſomeu hat large, whereby the bucket 
„e be cp lid the fooner ; make the bottom ſome what 2 
| O., 


% 
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150%, leſt the empty ing of the Bucket any way hinder : ant 5.1 
noint it with greaſe, that the Water may keep inthe better. 

C, A ſtick joined to the bucket a- croſs, and made faſt to the 
leaver D, which we call an axis a little before, becauſe of its form. 

D, A Leaver with a little Wheel, or a Pulley 4% annext 
to its top, the lower end of which leaver, is bound to the 
flap B, with a ſtring, for this end, that while the Bucket A, 
aſcends towards the piece Z, and hits againſt the Leaver, the 
flap is opened and the Water goes forth. {© 

E, A little Pipe, or ſmall Tube, joined in the bottom of 
the Bucket, ſo that it anfwers beneath the mouth of the hole 
of the flap, through it the Bucket is emptied within the 
relel X, che Orifice, or Mouth, and its cavity, are not leſs 


than tie en . Terre 
F, Rings on both ſides of the Bucket, in which are ingraf-. 
red Iron threds, or Garg GG. EE 
6, Iron threds, or chords, which muſt be firmly extend- 
ed, leſt the Bucket in going and coming hit againſt the ſide, 
and eſpecially while the leaver 6 hits againſt the piece 2. 
H, A round piece of Timber, to which the faid Iron 
Strings or Wyers are faſtned, which Threds or Wyers ought 
o deſcend from the piece Z, even to the piece H .altoge- 
ther perpendicular, and to be diſtant from each other 
ſuch a ſpace, that they ſtrain not the rin are fixt to 
the Buckets, or at leaſt but lightly, that fo the Bucket max 
aſcend and deſcend freely, ard without violent wearing: * 
You | . FRA. be ct EIN. 991 1 an Poor 2; 
I, A Rope to which the Bucket A is faſtned, paſſing over” 
the little wheel, or pulley K, and within the "pulley L, and 
from thence extending to the faftned pulley Ke, to whoſe 
tonne «ò[⁰““!.].].].“.“.,.. 
R, A Pulley joined to the piece Z, which muſt be large 
for many reaſons, and a hole in the middle, and let there be 
a mall Axis paſſmg through the hole, which will beat abe 
weight of rhe 05 d 
Ke, A fixt Pulley, that is, it doth not turn about its Axis, 
but is immovable, or rather a fourth part of a Pulley, its Semi- 
diameter ought to be equal to the Semidiameter of the Pulley . 
E, that therefore the motion of the Bucket M, may remain.” 
uniform, that is, that it may remain atwaysm the ſfame'per- 
pendicular ; other wiſe the Rope of the Bücket M, will raze 
againſt the Iron threds, or chords G Gy and fo the motion. 
will be hindred. e 
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wi: Another Pulley, which while the rope I draws on 


both ſides, cauſes the aſcent of the Bucket A, to be as ſwift 
again as the deſcent of the Bucket M, and therefore that runs 
. double the ſpace in the ſame time as this; for which cauſe the 


weight of the Bucket M full of Water, ought to be as much 


more as the weight of the Bucket A being full; but on the 
contrary, the Bucket A, although it be leſſer than the Bucket 


M, ought. to weigh more than it, they both being empty, 
not withſtanding the exceſs ought to be indifferent, and ſo 
exact, as will ſuffice that the Bucket A being empty in de- 
ſcending, may draw up the Bucket M being empty. 4 
V, A Veſlel, or a great Bucket, which by its defcent - 
draw up another leſſer. A, it hath a, flap B,. and little pipe E 
in the bottom, rings F F on the ſides, Iron threds or chords 
GG, as the former Bucket A, nevertheleſs, the leaver is ap- 

plied in a divers manner. | 
VN, A leaver placed upon the Bucket M a-croſs, to whoſe 
end » there is annext a ſtick » 4, hanging or dangling, this, 
while its end a, deſcending with a bucket touches the Earth, 
raiſes the leaver Nn, and opens the flap B, of the bucket M. 
af the fame time in which the, flap g ol the bucker A, 
Open d... 1 | | | | * 
GIN Two ropes faſtned above to the bucket M, and below 
to the piece Y, or to the Earth, to the end, that M ſhould not 
aſcend beyond its due limits, nor A deſcend beyond his: 
I, 2, 3, 5 Ce. are leaden weights to weaken the Imperxs of 
the motion in the deſcent, while they lye ſucceiſiwely one af- 
ter. another on the earth, and leſſen the weight of the bucket 
to Which they are faſtned; but in aſcending while they are 
elevated from the earth one aſter another, they adjoin new 
weight to the ſame bucket; and they may be more or ls, 
according as js neceſſary. 1 9 MAR ana 7 
P. 7 wart a little above the bucket M, having 


- 


a hole in the middle, through which a rope paſſes freely 


without rubbing, ro which the bucker is faitned even to the 
kot Q. which knot when it comes to the piece P, ſtays the 
motion of the bucket M, and hinders it, that in deſcending 


it daſh not againſt the earth, nor the bucker A in aſcending - 
hit againſt the piece Z Z. hes 1 Ca Tt it» 
„ The knor ſpoke of but now, to it may be tyed a ſtaff. 


1 - 


a-croſs, or overthwart, which may eaſily be logft and chang. . 


ed as need is. i R, Ano- 
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R, Another knot with a ſtaff thwart, which muſt be fo far 

diſtant from the former knot, as is the ſpace of deſcent of the 
bucket M almoſt to the earth; this knot may execute de of | 
fice of the ropes Oo, if the weights 1, 2, 3, &c. be-notnecet- - 
ſa ry. e | | | 
85 A veſſel deſigned to receive the Water from the Foun- | 
rain, it hath a flap, and a little pipe in the bottom, as have the 
buckets A and M, nevertheleſs, the little pipe ought to caſt 
out the water from each fide, and at the ſame time almoſt,. to 
fill together the bucket A, ard.the bucket M; and becauſe. 
theſe buckets are of divers capacities, the ſaid two little pipes 
ought to caſt out an unequal quantity of water from the veilel. 
S: This veſſel muſt not be in the middle between the rwo buck- - 
ets, bm being nt - Las: axtt 

Z, A leaver faſtned by a firing or rope, to the flap of the 
Veſſel 8 to open it; on the top it hath the table F adjvined, that 
the ſtaff V may hit ſecurely on it, and raiſe the leaver. 

V, A ſtaff fixed firmly to the fide of the bucket M, with. a 
little wheel or pulley on the top; this when its. pulley raiſes 
the, leaver T, and opens the flap of the. veſſel. 8, while: the 
buckets are filling, 1 bucket M deſcends, and with it the ſtaff . 

V, and ſo the leaver T is let down, and the flap: of the veſſel 
8, is ſhut again, until the veiſels are emptied below, andabove;, . 
M returns back with its arm V, andraiſes the leaver T. again, , 
and opens the flap of the veſſel S, as before. - 

Xx, A veſſel to receive the water of the bucket A: This veſ- - 

{el ought to be ſuch a ſpace beneath the piece Z, that while 
the leaver D hits on the piece, the little pipe 'E. within the..: 
veſſel unloads the water of the bucket A. E F 

Y, A piece of timber, a ſtump, or a ſtone, to Which the 
ropes OO are faſtned. l BY 9 

Z, A piece of timber to which the pulleys K and K e are + 
affixr; this piece of timber hath the table J afhxt to it ar xight - 18 
angles, on which hits the little wheel. of the leaver D, and 
draws near to the wall, and draws the bucket A with it to- 
wards the wall, that the little pipe E may bang over the head 


- — 
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of the veſſel X ; which may alſo be done other wiſdQGQ. 
This Engin which was made at Rome in the Convent of St. 
Mariæ de Victoria, the leſſer bucket did contain more than an 
whole Urn of Water (at Rome they ſay un Baxile) but before 
white: they uſed leſſer buckets, he Engin Wanted „ 
SIT KEY Ote: - 
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136 Mechanick Powers. Book VII. 
Note alſo, that the bucket A ought firſt to be empried, and 
then the bucket M, otherwiſe the water as yet contain'd, by 
the more heavy weight, would deſcend with too much force, 
but you may obtain that by making the little pipe E of a due 
magnitude. | 
Its {laps are of matter, and form, and magnitude, that the 
| water before they are opened, no Way runs out; in the fore- 
faid Roman Engin, a palm, or hands breadth was the length, 
[ and Þalf a palm the breadth : The matter was Lead both of 
the liitle tongue, and the table, in which the hole was, and 
was ſhut by the tongue: If they are made of wood, they have 
nor fo good fuccels. | 
The Pullzy L hath as much diameter, as is the diſtarce be- 
tween the true Fulley K, and the fained one Ke. 
The weights 1, 2, 3,4, Cc. are faſtned to the ropes OO, 
for this end, to ſtop the Impetus of the deſcending bucket A; 
3 for beides the l petus which always increaſcs in heavy bodies 
E deſcending, the Iperns likewiſe is too much acquired from 
E this, that when it comes to the piece Z, the whole weight 
BH ot the rope | hangs on the other part of the Pulley K, and in- 
Sb crealcs the weight of the bucket M; but when after the emp- 
tying of che buckets; the bucket A being heavier than the 
buckerM, together with the weight of the rope, it begins to 
deſcend, and draws With it the rope I, and therefore draws to 
it the weight of the Rope, and takes away the ſame from the 
bucket M. Then how much more is added to one, ar:d ta- 
ken from t'other, fo much the more the Impetus increaſes of 
the bucket A; which pet us is weakned by the forcſaid lea- 
den Plummets, while they are raiſcd from the earth ſucceſ- 
tively. | ED 
- Aiſo beware, leſt the ropes are made wet by rain, or by wa- 
ter, other wiſe they will be contracted, and not raain their 
due length. 5 3 112 
Laſthy, Tis , obſerved in the foreſaid Engin. that the water 
is railed as high again in the bucktet A, as it deicen ds in the 
buckec l, by reaſon of the Pulley M, which doubles the 
repe: But if any ore would have the water rite four timcs as, 
high, he mutt add another Pullcy, and another rope; in like 
manner by the help of three pulleys ke may make the water 
afcen& to eight times the Heigbt, Cc. 0 that the water con- 
tain d in the bucket Al, be quadruple or oQuple, of that which 
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is in the bucket A, yea, and ſomewhat more, that che bucket 
being full, may out-weigh the bucket A, and may draweit 
downwards; although the bucket A being empty, ought al. 
ways to be heavier than the bucket Min like manner being 
e e e eee eee 2011 e eee leads 

Schottus in his Technica curioſa deſcribes an Engin ſomewhat 
different from this which was made at a Noble Man's Houſe at 
Baſil with good ſucceſs. l 91456 e N ee arg) 
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To perform the ſame thing eaſily in any given proportion ; 
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Fig. 106. J Et there be a fountain of conſtant Water runnin 

| into the Veſſel A, or at leaſt {er it be derived thi- 
ther from ſome continual Fountain, and you would raiſe it to 
the Veſſel B, whoſe height above A ĩs 20 feet, but from A the 
water cannot deſcend deeper than to C, to wit, ro feet beneati 
the Fountain A; nigh the Veſſel B diſpoſe the Axis DE in an 
Horizontal ſite, eaſily turning about the extream poles; diſ- 
pole ſuch another like Axis near the Fountain A, and annex to 
each of them the Tympane F, and the wheel GI; Tympanes 
of this kind are divided by Iron Rods, or Sticks, and of ſuckh a 
largeneſs, that there may be put upon them conveniently lit. 
tle Veſſels. joined together by a Chain anne xt to one another ii 
manner of a Ring; it matters not what faſhion' the little Veſſeis 
are of, ſo that they receive the Water eaſily into them, and 
empty the ſame out of them again, we have delineated two of 
them together in the figure LN; thoſe which are put about 
the upper Tympane hang on the ſame, and they extend 
or reach along to the water of the fountain A, and are dip: 


. 


J 


into ir ſucceſſively, and draw the ſame while the Tympane is _ 


turn d about; but when they come to the top of the wheel, 
they unload the ſame water, and pour it into the uppep Veſſe! 
B. But from the water of the fame fountain A, the Vellels put 
about the lower Tympane muſt firſt be fill'd, which ought co 
have alittle hole open in the * the e 
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from tlie Veſſel L intaithe lower Veſſel N, and from N. into 
another; and ſotſucceſſively all the Veſſels of one ſide are fl; 
for then tbe weight ofithem and the waterparniaboutrthe/TymL 
pane, together with: the wheel'G:1' ofthe lower” Axis, "Which 
wheel running into the other, moves the upper wheel and 
turns itt about with the: Tympane of the» Axis D E, that the lit- 
tle: Veſſels draw. the water from the Fountain, andi raiſe it in- 
to the Veſſel B; but becauſe the water onghtto be raiſed dou- 
ble the height in B, that it deſcends in C, therefore the upper 
crown, or ring-OfHAAittle- Veſſels; ought- in like manner-to be as. 
long again (or doubly longer) and therefore that it may be 
carried about, and raiſed from the lower crown, or ring, being 
but half ſo big (or doubly leſſer;) thoſe little Veſſel; ought 
to be leſſer, ſo that they raiſe upward in the ſame manner ſub= 
duple, or half the water, yea, rather leſs, becauſe of the reſi- 
ſtance of the Engin, but the lowed little Veſſels receive double 
the water, or ſo. much as ſuffices ro move both the Wheels, 
The lower Tympane may conveniently hang over the Well, 
or Pit, deſigned for it, within Which the Crown or. Ring of 
little Veſſels deſcending, when they come to C, the little Veſ- 
ſels are unloaded ſucceſſixely, ſo that; one ſide of the Crown is 
always full of water; and out -· weighs the other ſide; and turns 
ahout the Axis ; That if the upper Veſſel B being filled with 
Water, which aſcends upwards, it again flows into the lower 
Veſſel A, and. the lower part of the Engin is ſo accommoda- 
ted. that the pburing out of the Water appears not by means, 
whereof the- lower Tympane is moved] and the Spectators“ 
may eaſily be doceived, think ing that Mater only to deſcend | 
which atzonce:afcended;:thatr therefore they may think it a 
kind of perpetual motion: 
If the weight. of the Water of the lower Tympane be dou- 
bly greater than the weight of Water which aſcends to the 
upper Tympane: this Water may be raiſed to a double Alti 
tude, and therefore a crovn of little Veſſels doubly longer muſt 
- be.uſes.; and thoſe little Veſſels of the upper Tympane will be 
proportionally leſſer inthe ſame marmer, viz. if the water be 
to be raiſed triple or quadruple higher, the little Veſſels of the 
upper Tympane, or wheel, muſt: be triple, or quadruple leſſer 
than thoſe of the under or lower Tympanc, or wheel, ſo that! 
the length. of the upper Crown is made amends by the mag- 
nitude of the liitle Vellels of. the lower Cr] mt. = ail 
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But the little Veſſels of both Crovvns may be made equal, 
and nevertheleſs the Water may be raiſed to any height, co 
wit, if the wheels GI Which bite each other be made une- 
qual; for if the upper wheel hath its Diameter doublyi greater 
than the under Wheel, this väll move that wWithla weigh f 
water doubly leſs, and therefore a cron of litele Veſſels dou- 
bly leſſer will be equal tothe little: Veſſels of theoripper Crown; 
Tay „the ſame of any other proportion, triple, quadruple, 
Ce. wherefore amends may be made divers ways for the Heigtit, 
and plenty of water aſdending, either by means of a-greater 
upper heel, or by means of greater little Veſſels ofithe lower 


wheel, or Tympane, or partly by means of- the grearer' wheel, = 


andi partly of the greater ſmall Veſſels s i, od 200 7651 
But if from all the Water in the Ciſtern A contirually flow /- 
ing, the greater part of it is to be raiſed in the upper Ciſtern 
B, as if you were to raiſe three parts of four of the Mater, and 
but one part only to deſcend, than the lower Crown muſt be 
z times as long as the upper Cro uni aid the climte> Vellele of 
the ſame muſt be at deaſt three times leſſer, if hoi uche gx f 
the wheels G and I be equal. But if the heels: GI be une 
qual, the proportion may be made fit anotlier way for if the 
lower wheel be three times grenter than the upper veel, the 
little veſſels of the Crowns may be made equal, but the lower 
Crown ought to be three times- greater -for.· in this eaſe, vhile 
the lower og is rurn'd about only once, ſuppoſing five of its 
little veſſels to Be fill'd, the upper; Wheel is turn'd about thrice, 
and therefore fifteen of its veſſels draw water, and in like man- 
ner 15 veſſels of water they pour into the Ciftern B. 

Alſo both crowns, or fins. to which the little veſſels are 
faſtned, may be aeccommadared, to: one and the fame upper 
wheel, but it, will be neceſſary to n debe ro Wheels 
with Axes, as is declared. before: But, if che altitude to vieh 
the Warer is to þe raiſed, beſo high that, it requires very great 
heels, other wheels maybe, diſpoſed in che middle between 
each Wheel, which. may, be. moyed ſucceſſiyely by the':lawet 
wheel, equally 'or, unequally, according, to the proportion of 
the quantity of water, or the magnitude of che luule veſſels; 
for this will be very commodious, as if the water he to aſcend 
higher, we add to the; Engin one, or mere Wheel, if not fo 
high, we rake away the fame, making no mutation Or Atera. 

tion of the Crowns, or: Veſſels; morcover the veſſels of both 
23 07 ene ag 
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6140 Mechanic Powers, Book VII. 
crowyns may be always equal, and yet the water may aſcend 
to divers heights, the lower crown remaining the ſame and not 
altered, by only changing the magnitude of the upper erown; 
for as is ſaid above, if the water ought to aſcend 4 times as 
high as is the deſcent of the other, tis ſufficient that the crown 
of the upper wheel be 4 times greater, or ſomwhat leſs; and 
the upper wheel G I, muſt in like manner be 4 times greater 
than the lower, or little more; for ſo the upper wheel will be 
moved 4 times ſlower, and will raiſe a fourth part of the wa-. 
ter, the.crowns, or chains, of both veſſels being equal. 
Likewiſe the Wheels and Axes may be multiplied together 
with wheels annext, and the chains, or crown; of veſſels, fo 
that one be put upon another; for we may make another 
vwheeh to exiſt on the Axis D E, which may be moved by the 
middle wheel G I., and furniſh it with a wheel, and a chain of 
ſmall veſſels deſcending into the Ciſtern B, and drawing wa- 
ter from thence; moreover that. water now raiſed into B, may 
from the crown, or chain H I again be raiſed either all, or at 
leaſt, part of it into another Receptacle, or: Ciſtern, higher, and 
from this into another as high as you pleaſe, all which we. 
8 leave to the will. of the induſtrious. Arrtificer, ſince we have 
ſhewn ſo many ways, it may ſuff.ce. 705 
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is a long jagged wheel joined together wiih 
A, ſtrong pieces of Timber, deſigned for the draw- 
ing off, or draining of water; the length may be made at plea- 
ſure, according to the proportion of che. breadth of. the water, 
alſo it may be made fo broad: that the whole Semidiameter 
from the Cireumference to the. Axis be immerſt in water, yea, 
the: Cireumference may touch the bottom, for- as much as the 
moving force of the wheel may be. ir creaſt as you pleaſe, and. 


. need. requires. ee EO EE 
«i Exomahis wheeF A, the Leaver B-paſſing trough the, wheel, 
aadthe water extends to the Earth, or Shoar, Where is creed i 
«moaudeo receptacle CG C; the. wheel: D is adjoined to the. 


{ leaver. ; 
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leaver B, which compriſes the wheels E and F, and theſe the 
wheels G and H, and theſe the wheel J. PP OO 

The leaver of the wheel I reaches to K, where it hath a 
ſtrong Iron Ring put about it, which is furniſh with holes 
through the Circuit, and-ſtands out towards L, that it may re- 
ceive L within it. e 

L Q: is a Cylinder, whoſe end L is furniſht with a like 
Iron Ring bored through in the Circuit, only 'tis a little leſſer 
or ſtraiter than the ring K, that it may be thruſt within it, af- 
ter that the ſaid end L is put within the ring K, both the rings 
are firmly bound by Wedges and Hooks of Iron driven in 
through each correſponding hole, that the Cylinder L Q, ro- 
gether wirk the leaver K, may be turn'd about: In M are 
Wedges, and Hooks of Iron, which are join'd to the two ſaid 
iron rings K and L, and made firm, that the axis K and the 
Cylinder L may be turn'd together, the rope that draws is 
folded about the Cylinder L O, which muſt be lengthned that 
it may pals above the heel or pully N; to the rope is hung 
the weight O, of as many hundred pounds as you pleaſe, ot 
neceility requires; this weight, while the rings K and L are 
firmly joined, turns about the wheel I, and this the middle 
wheels H and G, then E and F, and at laſt D and 8g. 

The weight O, how great ſoever it be, after that *ris turn'd. 
about with his rope, it may be raiſed again, or by a man on- 
ly, it may eaſily be done with the Engin called Paneratium P. 
which that it may be done, tis neceſſary that the end Qof 
the Cylinder L Q be not round, but ſquare like the end of a 
ſpit, which being turned round) the little Engins are turn d a- 
bout, and tis bored through that it may receive a Nail, or a 
Wedge, but the ends of tlie. Axis of the loweſt wheel of the 
Pancratium Ought to have a ſquare. hole which agrees with the- 
ſaid end Q that this may be put into that, and faſtned with a. 
Nail, or made firm with a wedg after that manner, that a 
Spit is thruſt into the hole of the round machine, or Nhech thats 
turns her.. RUM een eee, E.! 

Then when the - weight O is drawn to, T take away the 
wedges and*hooks M, from the rings chat are conjoined to K. 
and L, that L may. be freed from K, then Lapply the Pancra- 
ſium to the ſquare end Q, and turn about the handle of the- 
Pancratium, Which: when done, the wheels I, H, Gy &cr-relt; 
bar the weight O is raifed, and-the leading rope is turn d hboue 
he Cylinder L Q. er 


* 
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After that the weight O..is/raiſed, join again and make firm 
one within another the rings K and L, but remove the Pan- 
cratium from Q, and the weight by its deſcent will again turn 
the wheels I, ti, G, G. 1 
From whence it appears, that the chief Artifice is placed in 
this, that as great a weight as you pleaſe may be applied in- 
ſtead of a power, by means Whereof while it is moved very 
ſlowly, it effects a ſwift motion in the extream ycheel of the 
Engin; and again, by applying the Pancratium P to the Engin, 
whole Fabrick is declared above. 36447 3608 4517 

But becauſe perhaps it requires as much time to, raife the 
weight, O with the Pancratium, as is that wherein the ſame 
weight deſcends, and therefore great part of the Engins time 
is loſt by this effect; therefore Ladviſe to diſpoſe another Axis 
T:V :upon: the Axis LQ, and iv the mean time while the 
weight O deſcends, and the Engin performs its effect, the ſame 
Pancratium being applied to the Axis T V, may raiſe another 
weight X, to be applied again preſently to the Engin, as the 
weight O comes to the bottom, to be taken up again by the 
ſame; Pancratjum, While the wheels are turn d: about by the o- 
ther weight; for ſo the Engin, or Machine, will never ceaſe 
from motion, beſides that little time wherein the rope being 
looſo d rom the weight, is again turn'd about the Axis L Q and 
the faſtning it to the other weight now raiſed above; yea, 
thoſe iron Rings and Wedges will not require to be uſed, if 
ſo, be yon can uſe one continued Cylinder only M LQ. to 
which, the pe may eaſily be wound about, ſince this will be 
free from the weigbt; Or likewiſe; a double rape may be 
uſed, one of Which without weight (or atleaſt hut a little) 
may be wWaund about the Cylinder, while the other is roled and 
drawnidownward by the weight. LG ee nd 
Ibis Engin if it he made after the foreſaid manner, it will 

e indeed more ſimple and: eaſie, and iſeryeifor many other a4 
ſes ; A for Example, the lower heel; will eaſih be applied 
to a vertical wheel, which will likewiſe turn about fifty a 
hand mill; in like manner there may be added to the Axis B 
D, pins to take up Peſtles, Wherewith mineral Veins maybe 
pounded. % Gun powder, &c. as is declared before, alfo 
thexemgy be many other wheels to turn about to ind ilver 

Thred, and other. ſuch like, as will appear to the Conſde rate. 
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1 ppoſing alſo it be but a, , mall ſtream of :water,. ſa it be 
but conſtant, 1 | It 6 ia Nein « bio yg 161 


Fig. hd Pic there be a large Recepracls, or Ciltern AB, in- 
| to which the water © conſtantly flows through. 
ſome Channel, or Pipe C, below that ciſtern make two other 
ciſterns G H, and X Z, in two ſeveral places of ſufficient big- 
neſs, according to the proportional quantity of water, Which, 
mult deſcend by turns from the ciſtern; A B, into thoſe two 
lower ciſterne, as will appear by atzd by, and for that cauſe the 
Tubes F G, muſt deſcend from the bottom of the ciſtern, A B, in- 
to the ciſtern G H, and Y X intqͥ the ciſtern X Z, and theſe 
ciſterns muſt be furniſhr With a cover, and the cover muſt come 1 
cloſe to the ſide, for they ought Ne where cloſe and. 
ſhut, but the ciſtern A B muſt be, pen; thoſe Tubes upe n the. 
bottom of the ciſtetn A B, mult have (flaps, E and D, fo that 
their months may be ſhut or open: The ciſtern & H will need: 
another Tube in its lower part, furniſht like wiſe with the flap I, 
and the fame muſt be as near as may be of the magnitude with. 
the Tube FG and-Y X; the ſame muſt be performed in the o- 
ther ciſtern X Z, Which in like manner muſt have the like Tube 
Z furniſht witli a fl p. +? 2 FiiklOk 142411 das TIO. 3674 | __- 
Through the cover of the ciſtern ,G H, a ſmall hole being 
made, deſcends a rod of mettal O M fitting the hole, to whoſe 
lower part the braſs veſſel M. is ſoddred faſt, being inverſled, to- 
wit, ſo that the open part of the veſſel, oz bucket, look down-+. 
wards, and to the other end of the 100 G, is faltned the arm 
ON, Which is ſo poſited in N, that it may eaſily, be moyed up. 
wards or downwards ; t6 the fame little arm. O'N-3s affxt ſuch». 
another like rod, which deſcends in the ſame, manner into the 
lower' ciſtern, and ſuſtains the weight L within the ciſtern ;.. fi 
nally, that little arm is furniſht with a little; wing, a, binder ing 
its coming upwards, and tis intercepted. with a.double ſtalf, 
or ſper, or between the notch P N, tis interruptecd, by. the, 
lictle arm ö a thwart ; this kind: of ſtaff, or notch, on its up- 
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By whoſe. means the water pg aſcends to any given height, 
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per part P, is faſtned to another ſtaff or leaver P Q V, and to 
the ſame leaver in Q, is knit or faſtned another rod I Q R, 
whole means the flap I is opened and ſhut: Furthermore the lea- 
ver RS T is moveable about the centre, by help whereof while 
the flap D is liſted up or opened, the other flap E is depreſt 
a :d ſhut, and vice ver ſa. | * 

Theſe things being thus diſpoſed, that ſome determined part 
of the water which deſcends into the Ciſterns G H and X Z, 
may aſcend again to any given height, (as for example) into 

| the. upper ciſterns A and B; above the ciſtern G H make ano- 
4 ther veſſel, or ciſtern C E, yet fo, that it may be ſomewharlow- 

er than the ſuperficies of the water that is in the ciſtern A B, and 
ler ir be cloſe ſhut every where that no air enter in. Through 
its bottom, and through the cover of the ciſtern G , let che 
Tube C H deſcend reaching almoſt to the bottom of the ciſtern 

G H, and almoſt touching the cover of the ciſtern C E. Then 

l from the ſame veſſel C E,muſt aſcend two other Tubes into ano- 

ther veſſel like that before, to wit, he Tube E F, which almoſt 

i touches the bottom of the veſſel C E, and the cover of the u 

| per veſſel D G; and the Tube C D, which aſcends from the 
cover C of the lower veſſel, almoſt to the cover of the upper 
vellel in D; altogether in the ſame manner, two other Tubes 

G A, D H, mult aſcend from the veſſel D G, into the veſſel 
HA. Laſtly, in the uppermoſt veſſel A H, which much be o- 
pen without a cover, fit a Syybon A P, through which the wa- 
ter is derived, or conveyed, into the ciſtern . for uſe. 

Above the ciſtern X Z, in the ſame order muſt be placed ſo 
8 and altogether the ſame veſſels furnjſhe with the ſame 
1 . 3 r 
Then from the ciſtern A B. by opening the flap E F, the wa- 
ter flowing into the lower ciſtern G H being cloſe ſhut, tis com- 
pell'd by the compreſt Air to aſcend through the Tube A C, into 
the upper veſſel C E, the Air being excluded in the mean while 

j from ir by the Tube C D. But in the ſame time in which the 

[ vellel CE, is fill'd with the Tube A C, its bre adth being Jeſs than 

. te breadth of the Tube F G, the water always kills the ciſtern 

g G H, and forces the inverſs bucket M to aſcend, until at length 
| by means of the leaver,or arm O N, hitting againſt the little arm 

b, raifes the ſtaff PN, and the ſame work interpoſing b A, 
opens the flap I, and ſhuts the flap Z, and likewiſe by means 
@ mother leayer R T 8, the flap E is ſhut, and the flap D o. 
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pened. Then from henceforth 5 the water from the 
ciſtern A B, begins to flow into the otherciſtern X Z, and from 
thence aſcends and fills the upper veſſel L, and at the ſame 
time by opening the flap I, the receptacle G H is emptied of 
all the water, and therefore the inverſe-bucker M deſcends a- 
gain, and the weight L in the middle, and the wing @ draws 
down again the ſtaff PN, and ſhuts the flap I, and opens the 
flap Z; and likewiſe ſhuts the flap D, and opens the flap E, that 
the water may again flow into the receptacle G H; then by 
condenſation, or preſſing of the Air interpoſing, the water 
whick now ſhould aſcend into the veſſel C E, is forced to raiſe 
higher into the veſſel D G, which being filled, they preſently 
change turns, and the flaps Z and E are ſhut, and I and D are 
opened, and ſo the water aſcends from the veſſel L into the 
veſſel M; this in like manner 59 fill'd, the flux of water is 

changed, and the water aſcends from the veſſel D G, into the 

uppermoſt veſſel A H, afterwards from the veſſel M, into the 

veſſel B, while in the ſame time the veſſel A H is emptied by 

the Scyphon, the water flowing into the common receptacle Q 
p; then again the veſſel C E is fill d, and after that the veſſel 

L, and in the ſame order alternately new water aſcends from 

one veſſel to another, as often as the flaps change turns, being 

ſometimes open and ſometimes ſhut. ö 


© % 


Where tis manifeſt, if the veſſels be increaſed one above ano- 
ther, the water will be forced to any height although but ſlow- 
ly; and the foreſaid veſſels ought to be ſo far diſtant from one 
another, that the height: of one above the other, doth, not ex- 
ceed the height of the receptacle, or ciſtern A B, above the ci- 
ſterns G H, Z X, or the perpendicular altitude of the fall of 
the water which we conclude to be conſtant. Moreover the 
Tube CD ought to be fitted with a flap, or thin board in C, 
ſo that when the veſſel C E is filled with water, the flap or 
board may ſhut it, that the air break not out through the Tube 9 
into the veſſel above, for ſo this air, being compreſt, forces the i 
water from the veſſel C E to aſcend into DG; I ſay, the ſame of 9 
the Tubes C D and D H, Orc. alſo this artifice may be other- „ 
wiſe diſpoſed, as ſhall ſeem meet to the induſtrious. Artificer. | 
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Of mix Motion from. Circular PAY Right, or frm two 


or more 0 ircular. 


25 
4 


Hite a Wheel is mbyell npon a plane faperficies i fa: the 
ſame of a Globe, or ball, the central point only of the 


Wheel, or Globe, is moved with right motion, all the other points, 
or parts of the moved e Globe, are moved with. a mixt 


motion of circular and ri 


This motion of rotation on a plane hath admirable pre perties 
throughout, which being rightly percieved, it will be caly to 
underſtand the other mixt motions: Wherefore we make a 
beginning from it; but yet we firſt adviſe that circular motion 
truly and Phyſically conſiſts of many right lines, nevertheleſs 
in this place we will conſider it even as if it were altogether 
ſimple motion, but where it will be needful to conſider thoſe 
mall parts of right motion of which circular motion is com- 
pounded, there we will make particular mention. 

Fig. 109. Let then the Wheel, or orb, be A Z L Q. inf ſling 
on the Plane A D on whichir is to be roled, or turned, and let 
the right line A D be equal to the arch A Q. ſo that while the 
Wheel is moved towards D, the point Q may touch in the 
point D: Inthis motion "ris manifelt, Firſt, that the Centre of the 


Wheel O is moved by the right line O E, for lince the Wheel 


always. 
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always touches the plane in ſome point, 290 the Centre O is 
always equally diſtant from the points of the Periphery, which 
ſucceſſively touch the plane, the Centre O will always be in the 
line OE, and when Q is come to D, the Centre O will be in 
C, and the Centre G always inſiſts perpondiculany” on the 
point of Contat. 

Secondly, *ris manifeſt that any other point is moved with 2 
mixt motion; for if, for example, we take the point L, over 
and above the motion of the centre tis moved towards Y, ſo 
that if the Wheel ſhould not be turn'd about the Centre O, but 
only moved upon the plane, always touching the Plane AD 
in the point A (which is to move only by the motion of the! 
Centre) the point L will be moved by the right line LY, and 
while A is in D, E will bein'Y, O will bein C, and ſo any 
other point of the Wheel will be moved by a right line parallel 
between the extreams A D, LY. In like manner, the point 
L, or any other, will be moved only by a circular motion! if 
the Centre of the Wheel O be altogether immovable, to 1 
L will be moved by the arch LK e, &. A, by the arch A 
&6. alſo the point N will be moved by another arch of 4 15 
circle, Ou. Since therefore the Wheel is moved together by the 
motion of the Centre towards E, and by the motion che 
Orb from L in Q and from Qin A, 98 the point I. will be 
moved with a mixt motion from both, to wit, of the Centre, 
and of the orb, that is, of right and Circular; which may bo. 
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Any: a | 2 the Centre of the — V beel, or gle, 
e 4 crooted line, 152 which is not circular. 1 PIP 
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Fi 10 OR xatiipie, rake the pomt L; 6d at you f HW" 
2 2 FE get the line Which it deſcribes; ES 5 ae. 
of the it L Qin as many equal parts as you pleafe, ſup- 
poſe three, L K, KA, HQ alſo divide the line of the plane” 
4A into ſo many equal p its to wit, three, then the Point 
L having paſt over the firſt part of the arch L K, if it Were 
moved Only by the motion of the" orb, it will be in K; bir” 


U2. 
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iP it were moved only by the motion of che centre it would be 
in V, therefore let the right line MI be parallel to L V, and 
let K I be equal to LK, or A B, without doubt the point L. 
will be in I; For the motion of the orb gives L K, or M K, 
but the motion of the Centre gives L V, or KT. In like man- 
ner, in paſſing over the arch K H, the ſame point L. will be in 
G, if you take H G equal to A C, or LV, and parallel to LY ; 
| For the motion of the orb gives L H, or NH, and the motion: 
of the centre gives A C, or LV, which is equal to HG. Laſtly, 
in paſſing over the arch HQ, the point L will be in E, to wit, if 
Q be taken equal to A D, or LT, for the motion of the orb 
gives L Q, or OO and the motion of the Centre gives AD, orL V. 
Secondly, take the point A, and that you may have the line 
which it deſcribes, divide in like manner the arch of the qua- 
drant A Z into 3 equal parts, to wit, in T and Y, then in 
paſting over the arch A T, if the point A be moved only by 
the motion of the orb it will be in T; but if it be moved only. 
by: the motion of the Centre it will be in B, therefore if you 
take TS equal to AB, the point A will be in 8. In like man- 
ner, in paſſing over the arch TY, if the point A ſhould be 
moved only by the motion of the orb, it would be in Y; but 
if it ſhould be moved only by the motion of the Centre, it 
would be in C, wherefore if you take Y R equal to A C, it 
will be in R. Laſtly, in paſſing over the arch Y Z, it. will be 
in P, if ſo be you take Z'P equal to A). 
From hence it appears, that thoſe are Curve, or crooked! 
lines, and yet not circular; wherefore ſome call them by 
N word, Whirling-lines; you may call them as you 
pleaſe. . r 
Alſo by this you ſee that the point L, which is oppoſed to 
the point of Contact A, is ſo moved, that the motion of the 
orb, beiug added to the motion of the Centre, for each motion 
is in the antecedent, but nevertheleſs the point of contact A, 
is ſo moved that the motion of the orb is taken away from the 
motion of the Centre; for the motion of the Centre is in the 
antecedent, but the motion, of the orb is in the Conſequent, 
notwithſtanding becauſe the motion of the Centre, is greater 
than the motion of the orb; it follous, that the point A 
Simply and abſolutely ill be moved in the aptecedent, to wit,/\ 
to Wards. D, neither will it wholly, go back z to wit, it will be. 
moved towards N on y lo. much as is the difference X S. be- 
1 | _— S Ween. 
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tween the motion of the orb AT or K T, and the motion of 
the Centre A B or ST. „ | — 


decided 


ſcribed from the point A,anſwers,and is equal to the ſine M. 
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deſcribed from the point Q; that aſcending, bur this deſcend- 


ing. | 725 * 
4 alſo it is that the points L and Z are moved moſt 
ſwift, but the points A and Q moſt ſlow; and the point L is 
moved Swifteſt of all in the beginning, after wards more ſlowly: 
But the point 2 by inverſe proportion is moved ſlow ly in the 
beginning, and ſucceſſively more ſwift. In like manner the 
point A is moved floweſt of all in the begining, afterwards 
lucceſſively more ſwift, but the point Q by inverſe proportion 
is moved more ſwift in the beginning, and in the end moſt - 
N flow. Wherefore all the points indeed are moved with un- 
| equal motion, while they run over the quadrant; but 
the whole quadrant being compleated, the motion of the point 

L, and of the point Z come to be equal, ſo alſo the motion of 


the point A and of the point Q. | 
1 Moreover you ſee the Centre O to be moved ſwifter in the 
1 beginning than the point of Contact A, but in the end more 
ſlow, an the ſpice which che point O diſpatches from O in C, 

is greater than the ſpace which) che point A diſpatches from 
A in Pp. e & dd ih ro Siga ze 
Alſo you ſee that no point is moved with an equal motion 
except the Centre, but by an acctlerated or à retarded motion; 
ſo that from two oppoſite points one is moved with an accelerate, 
motion, as the point A, but the other with a retarded motion, 
as the point L. . eb, 0) HIOG SNP 1091 x 
At length if you take the pbtht B 45 degrees, that is, which. 
diſpatches the greateſt fpace of all, for the motion of the Cen- 
tre O & equal to A D, is added to the motion of the orb from B 
in Nec. 07 Of Brig HA A 51102 3 10 00:30 277 Of ese 
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Fig. 110. Thirdly take a point within the Circumference, 
ſuppoſę the point F: And that you may find the ine (which it 
deere make the Circle F 4, G 9, and diride tbe quadiant* 
F into 3 <quat part aria ike doin 3. Then white 
the motion of the orb comes to 2, the thotion of ther centre 
A B or 2, 5 is added to the fine 2, 1 of the arch F 2: In 
like manner while the motion of the orb comes to 3, the mo- 
| tion of the centre A C, or 3, 6, is added to the right fineH 15. 
| Laſtly while the motion of the orb diſpatches the-quadrant 1 +, 

2 


and comes to 4. the motion of the Centre'Q 7, is ddt 5 
the tight fine” Q O, and deſcribes” che line f — 555 


manner,by what" hath been ſaid, you may eafily find tire other 
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lines which the other points of the ſame leſſer circle contain.” ll. 


within the greater deſcribe. So the point 4 deſcribes the line 
4M NP, while the ve e taken from the motion 
a the Centre A B or L M and the ſine 4, 5, from the mo- 


tion of the Centre A C or TN; and laſtly the verſed line + on 


has the motion ox the Centre aD or G P. 


2. 1 
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A ker Wheel included in a greater is ſo moved, that in It 


the motion of the Centre i 75 ae than e motion of the 
Orb. 


Fon while the motion of "he Orb is ad 50 8 Fa whole 
L quadrant F 4 the 12 55 of the Centre is made through 
the whole right, Rar Q ** ich certainly is greater than the 
arch of the quadrant F 4; 8 Uke manner the motion of 
orb through the quadrant 4 G, is leſs than the ſame motion of 
the Centre OV; But how. e of the quadrant 4 G an- 
ſwers each point of {the Dp upon which the quadrant 
of the leſſer wheel i 1s nderſtood to, 9 when. the plane is 
greater than the quadrant, is that famous diffculty 5 ob- 
rains the name of Ariforle's Wheel, becauſe Ariſtotle hath pro- 
poſed it in his à 44h. queſtion of Mechanicks, which Blancanus hath 
explicated, In . Galileus, A other and. cg 
have 2 — to view. 3 $5 
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The alt) # Atiſtorle s Wheel, that is, the en of the 
defer Wheel when this js diredted by the motion W, the 
Freater, and the motion 0 if the reater; 2 this is direct 
ed bythe. leſſer, is beſt 156 and unfolded from the na- 
ture of this Circular motion, ſo 15 45 iP u 'ths com- 
Pounded of any right lines. 


Et the Wheel be AC H nfiting on oe Res 0 E. whoſe 


radius is A C, and within ah another leſſer, ſuppoſe 4 
ſubduple, ADB is included, wholc radius i is A B; and ler the 
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152 Mechanic Powers. Bock VIII. 
plane C E be equal to the arch of the quadrant CH, fo chat 
while it is turned upon the plane CE, each point of the arch 
anſwers each point of the plane; When therefore the leſſer 
Wheel in this motion is carried away by force by the greater, 
furely the point D will come to F, when the point A will come 
to G, that is, the radius A D will meet with G F. klagt! 

Therefore the whole difficulty will depend on this iſſue, that 

B F will be double the arch B D, if ſo be the points of the 
arch B D ought ſucceſſively to correſpond with the points of 
che plane, or of the line BF,or each point of the arch B D anſwers 
each point of BF, or each point of BC anſwers two of B E, or 
the altern points B E by skips remain wholy untoucht; for neither 
doth any thing elſe ſeem to remain which can be ſaid in truth none 

of theſe ought to be faid: For if it be ſaid in the firſt place, that 
there is ſo many points in the arch B D, as there are in the line BE, 
which cannot be ſaid, ſince this is doubly greater than the arch: 

| Bur if it be ſaid ſecondly, that each point of the arch B D cor. 
reſponds to two points of the line B F, it follows that the plane 
| CE, is double the arch C H, when notwithſtanding they are 
ſuppoſed equal; for when the points B C, are in the ſame 
radius A C, if the point C touch the point of the plane next 
following towards E, it will not be perpendicular to the plane 

CE. Surely A B when it touches the point of the plane B F 

in B, and is perpendicular to the plane, alſo A C which is ſup- 

ö poſed a right line will be perpendicular to the plane CE, which 

is parallel to the plane B P: Therefore it toucheth not the 
plane in any other point than in C, which if it ſhould touch it 
would be alſo in the other next following point; therefore 
every point of the arch C H, touches two points of the plane 
CE, therefore the plane C E will be double the arch CH. 
Moreover it cannot be ſaid that the altern points, or cvery o- 
ther point of the plane B E, are toucht as it were by leaps, and 
not the other intermediate points, for at the ſame time in which 
ſome point of the plane C E is toucht anfwering the untoucht 
point of tne plane BP; ſome point of the arch B D without deœubt 

- couches the plane B F, therefore it touches the point of the plane 

B F, which correſponds to the point toucht by the greater Wheel 
in the plane C E, for if it ſhould not touch the Centre A, ought 
to be elevated above the line A Gand conſequently the greater 


* 
* 


Wheel will not touch the plane C E, which id againſt the ſuppo- 
ſition; therefore no point of the plane B H rema#hs untoucht. 
More- 
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Moreover this difficulty hath great force againſt thoſe authors 
who affirm that a body may be compounded of Mathematical 
points, whether finite or infinite, as may appear to the conſide- 
rate, Concerning which I ſhall ſay no more at this time. 
Neither can it be ſalved by thoſe who admit proportional 
parts to act infinitly ; for while they ſay the point of Contact 
may be made in an undetermined part they ſpeak unconceiv- 
ably ; for ſince the point of Contact is real and ſingular, I can- 
not ſee how it can be indeterminate, which if it be determi- 
nate, that is, in this place and not in another, than it becomes 
determinate in this part, and not in another; moreover tis 
ſomething which touches diſtinct from all that which touches 
not; but to touch, and not to touch, are contradictions, and 
how can that be ſomewhat indeterminate from all that it touches 
not? Add, that there is no part in the plane B FE, whether de- 
terminate, or indeterminate, which remains untoucht; how 
then does each part of the arch B D anſwer each part of the 
Plane B F, when there are as many more in that, as in this? 
Some recur to the greater velocity whereby one Wheel is, 
moved than the other, but if they ſpeak concerning the motion 
of the Centre tis falſe, for there is one and the ſame Centre 
A to each; but if they ſpeak of the motion of the orb they do 
not evade the difficulty by that, for the queſtion is, why the 
arch BC although it be moved flower than the arch C H, 
nevertheleſs it is meaſured by an equal ſpace, which ſucceſſive- 
ly touches the whole. 8 1155 ; 7 
Father Faber recurs to the incommenſurability of the plane, 
to wit, of a right line with the arch of a Circle, for he ſays, that 
although the right line C E be ſuppoſed equal to the arch C H, 
notwithſtanding they can by no means agree, howſoever they 
are divided; but I ask whether they contiſt of an equal number 
of points, ſurely ſince they are equal, they mult at leaſt con- 
liſt of an equal number of points, to wit, of Phyſical ones; 
or then all are toucht by the arch B D, or ſome remain un- 
toucht, and fo the difficulty returns: He ſays, the points ot 
the plane B F are right, or ſtreight, but the points of the arch 
B D are crooked ; and although a right point be equal to a 
crooked point, and although one whole point is toucht by 
another point, yet notwithſtanding they are not toucht alice, 
becauſe the extenſion of the one is not analogous With the 
extenſion of the other, and he alleadges an example. my 
| | | X bs c 
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It may be objected againſt this explication in the firſt place 
freely, that' each Phyſical point compoling a Phyſical and real 
plane may be made; B F is a right line, but each point com- 
3 poſing the periphery of the Wheel, or the arch BD, or 
Fig. 111. CH is crooked, for why cannot the ſame points of 
| ſubſtance, or matter, which compole a ſuperficial 
plane, compoſe a crooked plane? Moreover, when a rod of 
Iron, or a plate of metal is made crooked by bending, are there 
not the ſame points, if not more. in the crooked plane after bend- 
ing, as was in it when it was a ſuperficial plane? Secondly, alſo 
if we admit the points B F to be plane, and the points B D to 
be crooked, and fo theſe touch not in an adequate proportion 
each point of the plane B F, nevertheleſs, are there not little 
vacancies between one crooked point and another, which for 
that cauſe leave untoucht the points of the plane A, B, C, &c? 
Beſides, that thoſe crooked points touch not adequately, to wit, 
in all their virtual parts the plane points A B C, doth not cauſe 
that in each inſtant wherein the Wheel is moved by the mo- 
tion of the orb, the new crooked: point of the Wheel: ought 
not to anſwer to the new point immediateatly next to that 
of the plane; if ſo be the point of the Wheel is equal to the 
point of the plane. 4 L „ 
- The ſame difficulties occur if the leſſer Wheel be concieved 
to be ſo moved, that its Periphery be equal to the plane on 
which it inſiſts; for then the greater Wheel will be ſo moved 
that its Pheriphery will be double of the other plane which it 
paſſes over; as if the Wheel A B D be turned upon the plane 
BI, and ſince the arch B D is equal to the plane BI, the point 
D will arrive in I, for then the point H of the greater Wheel 
at the the ſame time will arrive in L, when notwithſtanding 
the arch C H is as great again as the plane CL; wherefore 
each point of the plane CL ought to anſwer to two points of: 
the arch CH. | 8 E 
Beſides in this motion, to wit, when the motion of the 
reater Wheel, is govern'd by: the motion of the leſſer Wheel, 
| S mrhings happen yet more ſingular; for in the firſt. place, 
ſome points of the greater Wheel go backward; as you may. 
| fee after, that the Centre of the Wheel A is come to K, and the 
point D is come to L the point H will be in L, and conſe- 
quently go backward: In like manner. the point af Contact C. 
goes backward after that tis Cone to MM, Mn 
all 
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All the, points of the Quadrant CH go backwards, but the 
middle point R, chiefly: goes backward moſt of all, for it goes 
down from R to $ as appears, but the other points go back- 
ward here and there leſs and leſs ſucceſſively. vn barll 
Secondly, ſome points neither go forward nor backward, viz. 
in the end of the motion, when the point H comes to L, tis 
Uiſtant the ſame meaſure as before, from the ſame term, vi. 
from the line C N; So the point X will be in Z, and the point 
Y will be in V, and ſo in the end the motion gains nothing 
of ſpace towards P; notwithſtanding tis to be obſerved, that 
thoſe two points ſometimes go forward and ſometimes back- 
ward, ſo the point X in the beginning goes forward but after 
wards goes backward, but the point Y in the beginning goes 
backward, and afterwards goes forward, but becauſe they go 
back the ſame ſpace as they go forward, they acquire no ſpace 
in the end of the foreſaid motion. ö 
Thirdly, all the other points of the arch QNX go for- 
ward, that is, in the end of the motion they have acquired 
ſpace towards P; ſo the point N will come to P, the point Q 
to O, the point T in b, &. nevertheleſs all theſe points go not 
always forward, as appears from what's ſaid in the 2 Prop. but 
becauſe they go forward more than they go back, therefore 
in the end of the motion, it appears that they have gone for- 
ward ; In like manner we will ſhew, that thoſe points which 
are in the arch X RT, and which go backward, do not con- 
tinually, ot always go backwards, but their going backwards 
8 e in the end only, becauſe they go back more than for- 
Theſe things being noted and obſerved, it will not be hard 
to explicate all thoſe motions according to our doctrine; for to 
that which is the chief head of the difficulty, we ſay we ought 
not to conſider that mixt motion, to wit, of the point H 
(ufhile the whole arch C H, paſſes over only the ſpace of the 
plane CL] as one only and ſimple motion, for it is really 
many and various, for as much as tis compounded Phyſically, 
of many right motions, to wit, tis compounded in the firlt 
place, from thoſe right motions which compound Circular 
motion, then tis compounded of thoſe and of another: right 
motion, becauſe the Centre A, common to each wheel is 
moved: From whence it comes to paſs, that the point. H, in 
the motion of the orb from H to C, while it goes backward 
aka . together 
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together alſo, while it goes forward, tis carried by the centre 
A, and as it were carried away by force towards p; notwith- 
ſtanding it doth not go forward and backward, in the ſame Fhy- 
fical inſtant, as Father Cabens contends for in his book of Meteors, 
(for tis impoſſible for theſame movent, to be moved by two op- 
poſit motions together) but ſo that ſome Inſtants it muſt go for- 
ward, and in others backward, which muſt needs be ſaid of ſome 
points, as X and T, as we have obſerved before, to wit, if the 
whole time, in which the point H is moved, from H going 
down to L, be ſuppoſed to be 12 particles, we ſay, tis moved; 
for example, 5 of thoſe parts by a right motion from H, or 
from A in P, that is, by ſmall parallel lines of A P towards p; 
and the other 7 particles to be moved in the oppoſite part in 
going backward, from whence it comes to paſs, that when the 
regreiſion is greater than the progreſſion, in the end of the 
motion the regreſſion only appears, to wit, when it comes 
in L, and becauſe thoſe particles of time wherein ſometimes it 
goes forward and ſometimes backward, in each ſhort time are 
almoſt innumerable and inſenſible, becauſe of the brevity, and 
makes the progreſſion and regreſſion by turns, any motion 
and time being aſſigned will appear only in the end of the pro- 
greſſion if it be greater, or only in the regreſſion if the pro- 
greſſion be lefler. | | | 
Hence you ſee nothing binders bur that the points of the 
plane C L, are in number ſubduple of the points of the arch 
CH, when notwithſtanding that arch patles over only that 
plane C L; for by the method explicated by us, doth two 
points of the arch very well ſucceſſively touch one and the 
ſame point of the plane, to wit, if in the firſt inſtant the point 
C of the arch C H, while the arch D is carried by the centre 
A, touches the point of the plane C, which in the anticedent 
inſtant ir touched not; and in the fecond inſtant, another point 
of the arch next to. C, touches that {ame point of the plane C, 
while the motion of the orb goes backward, and, as I may fay, 
creepeth upon that point C: Then again in the third inſtant, 
the third point of the arch touches the ſecond point of the 
plane, and in the fourth inſtant, the fourth point of the arch 


creepeth upon that ſame ſecond point, &c. =. 
hut ir may be ſaid that cannot be, becauſe the centre A 
ought to aſcend upon the line P A, 1 ſay, this is abfur'd, if the 
| | motion 
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motion and the circle be conſider d Mathematically, but not if 
it be conſidered. Phyſically, for it aſcends and deſcends always 
inſenſibly; and that by ſome ſmall part of the plane only, ard 
the compreſſion and tenſion of the wheel, without which it 
cannot be Phyſically moved upon the plane, as will clearly ap- 
pear from what follows. ret” 

Therefore all occaſion of Error proceeds fi om this, that they 
would apply to Phyſical motion and Phyſical quantity, a mo- 
tion Mathematically conſidered, or quantity and the nature of 
a Circle, which is not given after a manner conceivable ; more- 
over they confider the motion of the point N, by the crooked 
line from H in L, all one as if it were one only motion, when 
notwithſtanding its manifold and divers; like as they conſi- 
der, for Example, the form of mixt, as it were one ſimple form 
diſtinct from the forms of thoſe Elements compounding the - 
mixt, when nevertheleſs *tis not ſomething abſolutely diſtindet 
from them, but only in the manner as I ſhall ſhew in its place; 
wherefore alſo that mixt Motion may truly be conſidered as 
one ſimple motion by one only crooked line, becauſe the recti- 

rude of the ſmall parts of which tis compounded is not ſen- 

ſible, like as the leaſt particles of Elements are not ſenſible. in 
mixt; but notwithſtanding tis truly compoſed. of the motion 
of the ſmalleſt right lines, ſince in nature there cannot be given 
a motion perfectly circular, as is ſhewn before. 
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PROPOS... V. 2 
A Globe, or Wheel, while tis moved upon a plane,” whether 
| Horizontal, or inclined, is moved by a mixt motion ofea : 
circular and a right, and is determined according to 4 
circular motion from the impediment which is in the con- 
tatt of the plane on which tis moved...  __ 


Ld 


Fig. 112. T Hat tis moved with a mixt motion, appears from 
. . What hath been ſaid; and that the circular moti- 
on about the centre ariſes from the impediment in the point 
of Contact; to wit, from ſome reſiſtance and rubbing of the 
plane is proyegd, becauſe the circular motion is not the natu- 
ral by Prop. 4. Therefore it ought to ariſe from ſomthin g Wich. 
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together alſo, while it goes forward, tis carried by the centre 
A, and as it were carried away by force towards B; notwith- 
ſtanding it doth not go forward and backward, in the ſame Fhy- 
ſical inſtant, as Father Cabens contends for in his book of Meteors, 
(for tis impollible for the ſame movent, to be moved by two op- 
poſit motions together) but ſo that ſome Inſtants it muſt go for- 
ward, and in others backward, which muſt needs be ſaid of ſome 
points, as X and Y, as we have obſerved before, to wit, if the 
whole time, in which the point H is moved, from H going 
down to L, be ſuppoſed to be 12 particles, we ſay, tis moved; 
for example, 5 of thoſe parts by a right motion from H, or 
from A in P, that is, by ſmall parallel lines of A P towards p; 
and the other 7 particles to be moved in the oppoſite part in 
going backward, from whence it comes to pals, that when the 
regreiſion is greater than the progreſſion, in the end of the 
motion the regreſſion only appears, to wit, when it comes 
in L, and becauſe thoſe particles of time wherein ſometimes it 
goes forward and ſometimes backward, in each ſhort time are 
almoſt innumerable and inſenſible, becauſe of the brevity, and 
makes the progreſſion and regreſſion by turns, any motion 
and time being aſſigned will appear only in the end of the pro- 
greſſion if it be greater, or only in the regreſſion if the pro- 
greſſion be leſſer. | | 
Hence you ſee nothing binders but that the points of the 
plane C L, are in number ſubduple of the points of the arch 
CH, when notwithſtanding that arch patles over only that 
plane C L; for by the method. explicated by us, doth two 
points of the arch very well ſucceſſively touch one and the 
ſame point of the plane, to wit, if in the firſt inſtant the point 
C of the arch C H, while the arch D is carricd by the centre 
A, touches the point of the plane C, which in the anticedent 
inſtant ir touched not; and in the fecond inſtant, another point 
of the arch next to C, touches that ſame point of the plane C, 
while the motion of the orb goes backward, and, as I may fay, 
creepeth upon that point C: Then again in the third inſtant, 
the third point of the arch touches the ſecond point of the 
plane, and in the fourth inſtant, the fourth point of the arch 


creepeth upon that ſame ſecond point, &. 1 
But it may be ſaid that cannot be, becauſe the centre A 


ought to aſcend upon the line P A, I ſay, this js abfur'd, if the 
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motion and the circle be conſider d Mathematically, but not if 


it be conſidered. N for it aſcends and deſcends always 
inſenſibly; and that by ſome ſmall part of the plane only, ard 
the compreſſion and tenſion of the wheel, without which it 
cannot be Phyſically moved upon the plane, as will clearly ap- 
ear from what follows. | 
Therefore all occaſion of Frror proceeds fiom this, that they 
would apply to Phyſical motion and Phyſical quantity, a mo- 


tion Mathemarically conſidered, or quantity and the nature of 


a Circle, which is not given after a manner conceivable ; more- 


over they confider the motion of the point H, by the crooked. 
line from H in L, all one as if it were one only motion, when 


notwithſtanding its manifold and divers; like as they conſi- 


der, for Example, the form of mixt, as it were one ſimple form 
diſtinct from the forms of thoſe Elements compounding the + 


mixt, when nevertheleſs tis not ſomething abſolutely diſtinct - 


from them, bur only in the manner as I ſhall ſhew in its place; 
wherefore alſo that mixt Motion may truly be conſidered as - 


one ſimple motion by one only crooked line, becauſe the recti- 


rude of the ſmall parts of which tis compounded. is: not ſen- 
ſible, like as the leaſt particles of Elements are not ſenſible. in 
mixt; but notwithſtanding tis truly compoſed. of the motion 
of the ſmalleſt right lines, ſince in nature there cannot be given 


a motion perfectly circular, as is ſhewn before. 
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PROPOS. V. 


A Globe, or Wheel, while tis moved upon a plane, whether 
Horizontal, or inclined, is moved by a mixt motion ofea : 
circular and a right, and is determined according to a 
circular motion from the impediment which is in the con- 


tact of the plane on which tis moved. 


on about the centre ariſes from the impediment in the point 
of Contact; to wit, from ſome reſiſtance and rubbing of the 
plane is proygd, becauſe the circular motion is not the natu- 
ral by Prop. 4. Therefore it ought to ariſe from ſomthin g With. 
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Fig. 112. T Hat tis moved with a mixt motion, appears from 
| What hath been ſaid; and that the circular moti- 
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out; but circular motion as ſuch, is cauſed from impediment 
only ſucceſſively determining new Tmpetas's by new etangent 
lines; but in our caſe when the centre is not impeded, but is 
alſo moved, it cannot be an impediment to the centre, nor to 
any thing that adhears to it, ſince nothing there is without it, 
therefore 'tis impeded from the plane only. Secondly, tis 
proved, becauſe if any onepufh forward the Globe A by a puſh 
tending from C to D, in a line parallel ro the plane BE, the 
Globe nevertheleſs is turned on the plain while it goes forward 
in E, but 'tis rolled in vain, unleſs it ſuffers ſame reſiſtance in 
the contact B; for why is not the whole moved by a right 
motion, if ſo be its imperys is impreſt by a right line, and pa- 
rallel tothe plane BE? ul r ning ru 
Lou will ſay' tis eaſily moved, if it be moved by the mixt mo- 
tion, from the right motion of the Centre and the circular of 
the orb, but why is it moved ſo eaſily? Moreover the Centre 
A, doth not more approach to the Centre of the Earth, by this 
that the Globe is moved circularly, for tis always diſtant, to 
the Semidiameter AB, in the Horizontal plane BE: And the 
impulſe when it is by the right line C D, is eaſier deſtroy'd if 
the Globe be moved by the motion of the Centre, together 
with the motion of the orb, than if it be moved only by the 
motion of the Centre; yea, tis eaſier deſtroyed if it be moved 
by both motions than by one only; but chiefly becauſe the 
motion of the orb is not meaſured from that Impetus by a right 


- 


- pa 


line bur only by the motion” of the Centre. 
You will ſay, when it deſcends. by an inclined plane, it de- 
ſcends eaſily, if it be moved together by the motion of the orb: 
For ſince in this caſe the Centre of gravity is without the line 
of direction towards the end of motion, tis determined from 
its Centre, or from its gravity to Me Wos. 


I anſwer, neither in this caſe ought the motion of the Orb 
to move, if there be no reſiſtance of the plane, for the reaſons 
are muſter'd up; for by this that tis moved with a circular mo- 
tion, it comes not nearer the centre of the Earth, nor to the 
end of motion, for by how much the motion of the upper 
points are aceellerated, by fo. much the motion of the lower 
points are retarded by that motion of the Orb, as appears by 
What is ſaid ; therefore fuch motion is in vain, when no im- 
pediment is taken away, for Imp tus acts only to take away 
impediment, as is often ſaid; therefore if theie be no 15 5 
diment 


. 
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diment in the point of contact, why doth the Globe always 
inſiſting in the ſame point on the plane, creep not on the plane? 
Doth not the inpetus s, Whether they be violently impreſt on 
the Horizontal plane, or by their natural gravity on an incli- 
2 "Ti, obtain their end in the fame marmer, yea, caſier, as 
is ſaid : 
_ Surely if a Globe be ſtript of all gravity, and then receive 
ſome impulſe from without by a right line, and ſhould this 
Globe be in a vacant place, or in fuch a place wherein it ſut- 
fers no reſiſtance to motion, or no more in one part than in a- 
pother, there would be no reaſon why it ſhould move by the 
motion of the Orb, but it would be moved only by the mo- 
tion of the centre, by a line determined from the impreſt In- 
petus, Whatſoever the ſame be, whether Horizontal, or inclin- 
ed, or Perpendicular; for why ſhould it rather move in one 
part than in another. OS 5 

You will ſay from the foreſaid Experiments, that while a 
Ball is thrown through the Air, tis moved with a double mo- 
tion, to wit, of the Ert and alſo of the Orb; and yet in 
che Air, there is no rubbing or ſcratching with the plane, nor 
no impediment ; yea, it ſeems, if the riſtance which is of 
Air, tis equal about the Ball, that therefore it ſhould not move 
rather in one part of motion of the Orb than in another. 
I anſwer, the Ball thrown is often ſo thrown, that at the 
fame time wherein the Tmperus is imprinted before tis ſeparated 
from him that throws it, is not imprinted by one right line on- 
ly, but many Impetus's are imprinted ſucceſſively by many lines 
which compound ſome crooked line, for the Arm, or that 
which caſts the Ball, while it caſts ir, is not moved by a right 
motion, but by a circular, that is, the Ball being ſeparated 
from the Arm, while thoſe Imperus's are propogared in it, and: 
new ones produced by the ſame lines, the Ball muſt neceſſarily 
be turn'd round about its centre. Hence it is that oft. times alſo a 
Ball is a little turn'd about its centre, if it be caſt by one con- 
tinued impulſe by a right line, as you may obſerve: Beſides 
that *tis always but little turn'd, becauſe tis never made 10: 
Spherical. and perfect, bur the Air reſiſts more one part than a- 
nother; add, that if it be not truly Homogenious, or all alike, 
ſo that the centre of the figure altogether agrees with the cen- 
tre of gravity, ſince it can ſcarce be caſt by that preciſe line 
which joins each centre, if it be not caſt by this line, 1 
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wards, whether the Globe be moved circular or not. 
Hence ove, impetus deſtroys not another, unleſs when the 
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ſo that the centre of gravity be right before, and preſently is 
ſeparated from the Thrower, or likewiſe if it be let drop free- 
ly, and falls from on high, it turns ir ſelf until the centre of 
gravity be placed in the formoſt part of the line of Direction, 
and ſo it contains the impetus of rotation which is likewiſe pro- 
ſecured towards that part: And this is the reaſon why things 
that are thrown,or caſt through the air, are moved with a mixt 
motion of right from the Centre, and of mixt from the orb, and 
alſo of thoſe that fall of their own accords ; hence a Cylinder - 
whole heavier part declines downward, while it falls of its own 
accord from on high, is not turned about the Centre,but ſome- 


times about the axis, from the unequal reſiſtance of the am- 
bient air. | 


— - — 
_— 
| def * * 


— 
hed — al _ 


F NRO POF. V. 


In the deſcending of heavy bodies on an inclined plane, or 

through the free air, the motion of the orb, hinders not 
the motion of the Centre. CT 
* S proved, becauſe the impediment which determins the 
| Circular. motion in the Globe, is not in its Centre, but 
in the Periphery, to wit, in the contact with the plane. or in 
the contact of. the ambient air in that part to which the air moſt 
reſiſts; and this impediment hinders indeed the motion of the 
whole Globe, and at the ſame time determines in it the Cir- 
cular motion; but that circular motion hinders not, nor retards 
the motion of the Centre, which is like manner tends down- 


impediment of the motion of the Centre deſtroys the natural 
impetus, and the inclined plane, or the air while it hinders 


the motion of the Centre, ard deſtroys its natural impetus, 


produces according to the laws of reftexion another impetus 


by the tangent, and when this impetus produces ſuccethvely 


a new One by a new tangent, it makes the motion mixt, or 
really double, to wit, the motion of the Centre and of the 


tb. 


And 
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And you may obſerve in motion on an inclined plane, not 
only the motion of the centre to be accelerated, but alſo the 
motion of the orb, becauſe when the motion of the orb is pro- 
duced from the impetus, by the reflection from the direct 
impetus, if the direct impetus which moves the centre be greater, 
the reflected impetus is alſo greater. Ye 10 1290017) 91700 

Alſo you may obſerve in this motion all the parts to move 
with unequal motion, as may be gather'd from what has been 
{aid ; from whence tis confirm'd again, that they are not moved 
by an intrinſick principle, for this would be alike efficacious, 
or powerful in every part and fo would produce an equal ef- 
fe& in them all. Mis enk man of 

Hence you may gather the reaſon of the Experiments fol- 
lowing, in which this mixt motion appears from the right 
and circular about the proper Centre, or Axis. 


Experiment. I. 


play Boys make ſhort darts with a point, in one end whereof - 
there is a lit cut, and paper folded like a fourfold wing, and 
put into it, while this quavers, or ſhakes, the point goes be- 
fore, and the paper ſo hinders the deflexion that tis the cauſe 
that while the dart tends rightly to the mark, tis turned to- 
gether about the proper axis: The reaſon this, becauſe the 
air while tis ſtruck by thoſe wings, reſiſts the motion, which 
otherwiſe would carry the dart, by a right line, and it qua- 
vers to and again and hits on the ſides of the Wings, and this 
certain reflection together with the dart, is converted into a 
circuit, ſince this motion is eaſy to the dart and hinders not 

the right motion; the ſame may be ſaid of an arrow. 


p 


Experiment, Il. 

The like Phenomena you may obſerve in thoſe flicting reeds, 
which Boys alſo play with, for they ix.3 or 4 feathers into 
wood, or a bony ſheath, which while they ſtrike the air, they 
force that wood or Cylinder to turn it ſelf about its proper 
Axis; bur if it be furniſhe with only one feather, this circular 
motion will not be; likewiſe if any feather be broke, or not 
enough ſever'd from the other, the circular motion ccaſes: But 
if the feathers are much ſever'd from each other, the motion 
N | 4D; 


motion: 


&royed.. 
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is ſlower, viz. as well the right motion of the axis, as alſo 
the circular motion about the axis: And the feathers ought to 
be ſo fitted riſing from the bottom to the top a little bent, and 
made crooked increafing the ſevering or parting : The reed or 
little Cylinder of wood always goes before in the motion, and 
the motion of the Axis aſcends more ſwift, and the circular 
motion about the Axis leſs ſwift; moreover after the aſcent tis 


turned downwards, and the Axis deſcends with a ſlower mo- 


tion than before it aſcended, but with a ſwifter motion about 
the Axis: And the reed, or little Cylinder, ought to be ſhort 
and weighty, eſpecially in the end that goes formoſt, and the. 
feathers. muſt not be too long. 1 

Like to this, is that motion, which boys running make with 
a double ſtick, furniſht with a veil, and as it were a little mill 
turning about the centre, which is fixt to the moveable Staff, 
or Stick, for thoſe veils, while they run in the air concieve a 
converſion and circular motion, which is joined with a right 


— 
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The reaſon of this Experiment appears thus, in the firſt place, 
that reed, or little Cylinder, furniſht with feathers goes before 
with a right motion, becauſe tis heavier and endued with a 
greater impetus, and therefore leads the feathers. whoſe motion 
the air reſiſts more; and in reſiſting it comes to paſs that they 
are reflected from themſelves, and ſo turned about in a circuit 
together with the little Cylinder. From the air then reflecting, 
the impetus of the Feathers is imprinted ſucceſſively by a new 
tangent, and from this impetus the feathers are turned about, 


and with the feathers the Cylinder, or reed, but the Cylinder, 


or reed turns not the feathers as a certain Author ſuppoſes, to 
wit, the right motion of the reed is not retarded immediately, 
hut the right motion of the Feathers, which becauſe they are 
light, have not ſufficient Impetus to overcome the reſiſtance 
of the air, but mediately and conſequently the right motion. 
of the reed is retarded, and determin d to the motion about 
the Axis from the like motion of the feathers; hence if by 
chance the feathers fall off from the Cylinder in the way, the: 
Cylinder or reed makes a certain longer ſpace, becauſe it hath 
not the impediment of the right motion from the feathers, but 
as yet tis turned about its proper axis for ſome little time by 
the circular Impetus preconcieved, which is not preſently. de- 


Secondly, 


— 
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A Secondly, tis turned about the axis to that part, to which the 
feathers ſuffer the leaſt reſiſtance of air, for if the air ſhould 1 
equally reſiſt all, there is no reaſon why they ſhould be turned j 
rather in one part than another; hence they ought to be fo : 


fitted, that they may Strike the air unequally ; which will be L 
if they are ſeperated or divided unequally, and then the mo- | 
tion about the Axis will be Swifter. | | ” 
Thirdly, one feather only will not do becauſe it hinders the | 
motion but little, neither is there in it an unequal reſiſtance of 
the air, of which I ſpake; wherefore there are required two 
feathers at leaſt, but three are better, becauſe they leſs hinder 
the turning about the Axis. 1 
Fourthly, if the feathers are not ſeperated, the reed is turned 
about the Axis little or nothing, becauſe the air reſiſts them 
but little; but if they are much ſeperated, tis moved ſlower 
by the right motion, or Axis, but ſwifter by the motion about 
the Axis; notwirhſtanding if they are too much ſeperated, 
the motion alſo about the Axis is flower, becauſe too much re- 
{ſtance of air retards or hinders each motion; wherefore the 
feathers ought to be ſo fitted, that they do not impel the air 
with their Whole ſuperficies, hut divide it by the edge as it were 
to cut it. ; 0 27 4 [+99 . , g yo 4 1 | 9 
Fifthly, if the feathers are fitted in a right manner that they 
be neither too much ſeperated, nor too cloſe, but a little bow- 
ed, with a moderate and unequal reſiſtance of air which their 
edges divide; then the motion of the reed about the Axis is not 
only ſwifter, but alſo rhe reed is projected further, becauſe 
the feathers are more eaſily broke off from the reed, and a lit- 
tle reſiſtance of air with ſome inequality ſuffices to the motion 
of turning about the axis, ſince this motion is eaſy. | 
| Sixthly, It aſcends ſwifter while tis extended, than it de- 
ſcends afterwards, as appears clearly; from whence that is 
confirmed which we have ſhewn before, that heavy things 
naturally deſcending do not , increaſe with the fame kind of 
velocity, whereby the velocity of the ſame things caſt or thrown, 
decreaſes while they aſcend, and although borh in the aſcent 
and deſcent, the reed, or cylinder, goes before the motion of 
the Feather; hence while ir aſcends, . becauſe the, Imperus in the 
beginning is greater of the Feathers, which are flexible while 
they ſuffer the reſiſtance of the Air, they contract themſelves 
whence it comes to pals that they cut the Air the eaſier, nd 
i ee _ therefo;e 
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| 5 Which hath Spires more thick and cloſe, in which 'tis moved 


\ 
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therefore the reed aſcends the ſwifter, but tis leſs ſwiftly turn'd 
about the Axis; but while it deſcends, becauſe it acquires a 
leſſer Impetus, the Feathers make a greater ſpreading that it may 
move oftner about the Axis. | | 
Seventhly, If the Reed be lighter, it cannot contain ſo much 
Im petus, Which eaſily overcomes the reſiſtance of the Feathers; 
wherefore that it may hold out at length, fo much imperus is 


required, that. the Fearhers cannot draw themſelves, unleſs 
from a great reſiſtance of Air they happen to be very much con- 


trated, which while they are, it cannot be moved. about the 
Axis. l -; 

Eightly, If it be longer, tis harder turn'd round the Axis, 
becauſe it eaſily ſhakes to and again; but the Feathers cannot 


together hinder the ſhaking, and impreſs the circular impetus to 
the Reed ſhaking, e 


Ninthly, If. the Feathers are longer than needful, they hin- 


der the right motion, or if they are likewiſe too broad, or too 
much ſeparated, or if they are too ſhort, and much contracted, 
they are not determined to motion about the Axis, for the rea- 


ſons aſſigned ; wherefore care mult be taken, as well to the 


length as the breadth,. and ſeparation reſpectively to each o- 


ther between themſelves, and to-the gravity, or levity, length, 


or ſhortneſs of the Reed, or Cylinder. 


Tenthly. and Laſtly, the motion of the bearing, and about the 


Axis is mixt of a triple motion, one whereof is from the vio- 
lent Impetus while it aſcends, another from the gravity, and the 
third from impetus by reflected motion, ſucceſſively by divers 
tangents whereby the circular motion is effected; and from all 


theſe motions, reſults the ſpiraF motion as is manifeſt, and a 
ſpire is conceived about a crooked Cylinder, which poſſeſſes 
the whole place of air, or the way which the Reed ſucceſſive- 
TT... ͤ KV e e , 
Hence "tis eaſy. from what has been ſaid, to determine the 
lines which are deſcribed by each point of the Reed, and alſo 
of the Feathers; in which alſo ſome trembling motion always 
intervenes: | OE POE, 
Alſo a reaſon appears of the motion of the double ſtaff co- 
vered with the veil, which is turn'd about circularly, while 
in tlie interim tis conveyed by a right motion Horizontally by 
boys, as they run; allo that motion is manifeſt to be ſpiral, 


£ 


More. 


Sen — ————— —— jEüämßka⸗ꝛw C CCC 


—— „ „ 


— — 


COTE 


p 


* "oY 


? 


COTE = 


as 


44+ 

. oots . 
* 

—— 


—— 


— — — 
— — . — ͥ — . 


% 
* 2 FX 
E — 3240 


' i 
55 
is =Y 


* 
* 


Book VIII. Mechanick Powers. 165 
more ſwift about the Centre, and {lower by the motion of the 
Centre. 


* — — é. b—— — ſ — — — — 
— — 


PROPOS. VII. 


A reaſon may be given why a little Wheel, or little Glole, 
being preſt againſt a Table, is firſt thruft forwards, but 
afterwards turns it ſelf back again upon the Table. 


L 


He reaſon is, becauſe while tis ftrongly preſt again the 
Table under it, this reſiſts that in the point of contact, 
and while at once the Impetus is impreſt forward by the retracti- 
on of the Finger, new contacts are made in other points often 
times, that therefore it conceives a circular motion contrary 
to that whereby tis moved, if the Impetus be only impreſt for- 
wards Horizontally ; hence tis. that while it runs forward, at 
the ſame time tis moved circularly about the Centre, by the 
motion of rotation back again, viz. towards the Finger; and 
becauſe that circular impetus continues longer than a right one, 
this ceaſing, the other continues and compleats its effect, and 
ſo the Globe turns back again; for it cannot be turn'd about its 
centre, while it reſts upon the Table, unleſs at once it be mo- 
ved with a right motion of the centre towards the ſame part by 
the reſiſtance of the Table in the point of contact, where you 
ſee this motion truly to proceed from ſome reflection, for the 
impetus impreſt backward after that, is ſo weak ( for tis weak» 
ned from the reſiſtance of the plane Table) that it cannot over- 
come the reſiſtance which is in the point of contact, from the 
Tables reſiſting tis ſomewhat reflected, and when the circu- 
lar impetus continues, whoſe effect is eaſily obtained, neither 
can it be obtain'd bur that it muſt role back again, therefore- 
tis no wonder that it retroceeds. F 
Therefore tis falſe, that any impetus can perſevere without 
the motion which exacts it, as Father Cabens would have it; 
for a little Globe, or little Wheel, is always moved with a cir- 
cular. motion about its centre towards the extrudent, in the 
fame time wherein the motion of the centre tends forwards ;. 
yea, I have obſerved diligently, that if ſometimes one touch 
2 Globe while it runs forwards, it will not role about its pro- 
\ "DER: 
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Per centre, but creep upon the Table, which it always touch- 
e in the ſame point, then the Globe reflects not, nor goes 
ack. | | 
And 'tis to be obſerved, that while the Globe tends for- 
wards, the motion about the centre is weak and (low, to wit, 
becauſe the right motion upon the Table in a manner reſiſts the 
contact, for ir drives out the motion about the centre into 
the oppoſite part, to wit, forward; but the impetus ceaſing, 
whereby twas moved forward, the impediment of the motion 
about the centre ceaſes, yea, it acquires a new determination 
to this motion, to wit, from the reflection of the planes reſi. 
ſtance. 
This reaſon aſſigned by us, appears not only from this, that, 
as I ſaid, the Globe is not rolled back again, unleſs it be rolled 
about the centre alſo, in the ſame time which it runs forward; 
but alſo from this following experiment. 


Experiment III. 


Fig. 113. Graſp the Globe A, ſo with your Fingers about 
the Pole A, and the other oppoſite to it, that you may imprint 
the circular impetus about thoſe Poles, or about the Axis where- 

by *ris moved from E through H to G; and at the ſame time, 
Caſt the Globe through the Air, ſo that it goes by the line E F 
C, and falls upon the Horizontal plane in B, if that motion a- 
bout the Axis be ſwift enough, either it will ſtay in the point of 
contact B, and yet it will be rurn'd about for ſometime up- 
on the Axis from C through D in B, or alſo many times tis 
reverted from B towards G upon the plane; where it appears, 
in ſo much as the Globe is determin'd to the motion of ro- 
ling back again upon the Table, or Pavement, after that tis 
| caſt or thrown forward through the Air, in ſo much 
Fig. 114. alſo it hath the motion about che Centre, while it 
82 is borne through the Air; for from this it is that 
the impetus being deſtroyed, by which it tends forward, while 
the Globe falls on the pavement, tis neceſſarily from thence re- 
fflected back again. For the Globe projected in the Air, pro- 
cebeds by the line A BCD, and in the mean while is turned 
from B towards C D about the Centre C, while it touches the 
Pavement E D in D, according to the laws of reffexion it 
ought to reflect in P, and preceding further to the ſame Part 
Wi 
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ith ſo much impetus as DI; but if that impetus be ſmal 
even as tis when the line C D comes near to the perpendi- 

cular CL) and the impetus whereby tis moved about the Cen- 

cre be pretty ſtrong, this prevails over that, and while it per- 
ſeveres the Globe muſt needs role towards E upon the Pave- 
ment; hence it does not always go back, but only then when 
the motion about the Centre is ſwift, and it falls upon the 
pavement by a line which approaches more to a perpendi- 
_ cular. 


— 1— . Q——— 


—_— 


P-R-O:F: 0 S, VII. 


The motion of a Rope,or of a Ball, or Globe, faſtned to the end 
of a Rope about a Cylinder, is a Spiral motion compounded : 
of many Circular. 


L Piral motion is divided into many kinds, one whereof is 
when the motion is made about the ſame Cylinder, ſo 
that the circles are always equal, and this is mixt of circular 
only and right: Such as we faid was the motion of the reed, 
or Cylinder, furniſht with feathers ; and of the double ſtaff 
provided with a veil, &c. and there is another Spiral motion 
alſo, which is made abour the ſame firm centre, but by cir- - 
cles or wreaths enlarged or leſſened ſucceſſively more and more. 
or departing from, or approaching to the ſame centre; more- - 
over there is another Spiral motion, in which the wreaths are 
not only enlarged or leſſened ſucceſſively, but they likewiſe re- - 
tire from the former centre, to wit, it always changes the 
centre, and this is mixt of. many circular, and of the right mo- 
tion of the centre; but the ſecond kind of Spiral mo- : 
tion is mixt of leſſer circles only ſucceſſively; the firſt. Fig. 115. 
ſpiral motion is ſhewn by the figure. A B, the ſe - 
cond by the figure C D, the third by the figure E F. 
Theſe things being fore-known, if we conſider the motion 
of a rope about a Cylinder, whether the rope be turn d about 
by the Cylinder by circles, having divers centres in divers 
points of the Axis of the Cylinder, if it be, tis a ſpiral motion 
of the firſt kind; but if the motion of any determinate point 
in the rope be conſider' d, as for example, the er d of theRope 


— 
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or the Globe annext to the 'end of it, then either ir may. 
ſo be turned about by the Cylinder, that the ſame centre al- 
ways remains in the ſame point cf the Axis, and then it ap- 
pears, that ſince the radius is ſhortned ſucceſſively, from that 
Globe is made a ſpiral motion of the ſecond kind, which is 
compounded of circular motion only, for there may be per- 
ceived ſo many circular motions, although not perfect, as tt ere 
are wreaths, or rather ſo many new determinations to new 
Circular motion, as there are conceived Radius one ſucceſſive- 
ly ſhorter than another; or, it may be ſo turn'd about by the 
Cylinder, that the centre is changed at once, and then the mo- 
tion of the Globe, or the end of the Rope, will be a ſpiral mo- 
tion of the third kind, ſuch as may be conceived to be made 
about the Cone E F, from F in E, which appears to be mixt 
from a right motion of the centre, through the Axis of the 
Cone, or Cylinder, and of many circular ones intelligible by 
Sence ; for it cannot truly be ſaid, that there are many circu- 
lar motions, ſince none makes a perfect circle, yea, no part of 
that ſpiral line is part of a circular line , bur if it be taken as a 
ſmall part, tis a right line from what hath been ſaid before; 
if as a compounded part, it conſiſts of many right lines, viz. 
of many Tangents, yet not of the fame circle, but of divers cir- 
Cles as appears. | | 
Hence tis, that if a Cylinder be thicker, and a Rope of the 
ſame length being put on it, tis eaſier and with leſs imprinted 
impetus turn'd about by the Cylinder; to wit, becauſe the parts 
of the circumference of the Cylinder are thoſe which reſiſt by 
impulſe by a right line impreſt in the beginning, and by the im- 
pediment, or a certain reflection, they determine to new and 
new lines oftentimes; and by how much greater the circumfe- 
rence is, by ſo much the leſs frequent is that new determinati- 
on, as appears from what has been ſaid, and ſo the leſſer im- 
petus is deſtroyed, as that which is moved by a greater circle 
is leſs wearied or tyre. Mt: 110 41 1811 
Secondly, It appears why a Globe doth not aſcend, nor is 
turn'd about by a Cylinder, if the impetus be too weak in pro- 
portion to the thickneſs of the Cylinder, or to the length of 
the Rope; for although it be ſo great that a right line could aſ- 
cend to that height, yet while it often ſuffers reſiſtance by re- 
flections and new determinations, tis much abated. + 


1 4 þ c 


| Thirdly, 


Z 
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Thirdly, if it be once turn d about, it effects all the reſt of the 
turnings about eaſily, becauſe the circles are ſucceſſively leſſened, 
and ſo the motion is always leſſer, when notwithſtanding the 
former impetus perſeveres almoſt the whole time: For if once 
the imprinted impetus decreaſes leſs than the wreaths decreaſe, 
one of the greater wreaths being finiſhr, the other leſſer are alſo 
ealily and therefore ſwifter accompliſht, and the velocity is 
increaſed proportionally to the leſſening of the wreaths, not ab- 
ſolutely bur comparatively to the remaining impetus, ſince alſo 
here, as is ſaid, tis decreaſed or leflened ſucceſſively, notwith- 
ſtanding leſs than the wreaths; for if the wreaths and the im- 
org were leſſened equally, the motion would not be quick- 
ned. hs e 2840620-v112 40 
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PROPOS. IX. Eg. 116. 

Fa Glole, or Wheel, be moved and turned about on a crook- 
ed ſuperficies which is immoveable,it makes a mixt motion 
from a double circular. ” 


1 the crooked ſuperficies be A BC, upon which the Globe 
L BD is turned towards C; while the point E comes to E, 
the Centre of the Globe H comes to G. For the Centre alone 
is moved only by a circular motion through the arch H GI; 
but all the other points of the Globe are moved circularly by 
the motion of the Centre, and in like manner alſo by a circu- 
lar motion about the proper centre, or axis. 
But 'tis to be obſerved, that this mixt motion may be conſi- 
der'd divers ways, for the crooked ſuperſicics on which the 
Globe is roled is either convex, or concave; and again, the 
Globe is turned either on a greater circle, or a leſſer, or an e- 
qual; if notwithſtanding the Concave be equal or leſſer, the 

Globe, or Wheeh cannot be moved, as app cars. 
Moreover, obſerve that the Globe BD, whether it be leſs, 
or equal, or greater, than the Wheel, or crooked Superkcies, 
on which 'tis moved, may be ſo moved that the Line of the 
move-ble Globe B E, which ſucceſſively touches the Circle 
ABC is equal to the Line BF, when the point E comes to F; 
or it may ſo be moved that the line B E is leſſer, or laſtly, ſo 
that it be greater than BF. 5167 en 
1 . 51 . Aird; 


170 Mechanick Powers. Book VIII. 
Thirdly, the foreſaid Globe may be underſtood to move by 
the motion of the Centre towards C, and in like manner by 
the motion of the orb towards A, to wit, ſo that the point B 
tends to E and D, &c. and in each caſe the motion of the 
Centre may be equal to the motion of the orb, or greater, or 
Fourthly, Note, that if Copernicus his opinion be true, that 
the earth is moved with this mixt motion, to wit, by the mo- 
tion of Centre through a circle of the greater orb about the 
Sun, and by the motion of the orb about the proper Centre; 
and the motion of the Centre ſhould be greater than the motion 
of the orb, according to the common opinion concerning the 
Diameter of the great orb, which the earth runs through in one 
whole year: Where alſo obſerve, that every point of the ſame 
parallel Circle are moved with unequal velocity; for whe- 
ther we ſuppoſe the motion of the orb and the motion of the 
Centre to be towards the ſame part, ſuppoſe towards C, when 
the point E comes to P, and the Centre H in G, the point B 
will be in E, and the point D will be in L, wherefore the point 
of Contact B is moved ſloweſt of all, but the oppoſite point D 
ſwifteſt of all; that anſwers to the Nocturnal meridian, this to 
the DiurnaP meridian. Or whether we ſuppoſe the earth to 
be moved by the motion of the Centre towards C, and the 
motion of the orb from B in E, D, &. in this caſe the con- 
trary happens, to wit, the point of Contact B is moved ſwifteſt 
of all, for it comes to L, and the point D ſloweſt, for it comes 
to E; and theſe kinds of motion of divers points of the ſame 
circle will be flower, or ſwifter, according to the divers propor- 
tions of velocity of the motion of the Centre, and the motion 
of the orb, nevertheleſs all will be by crooked lines, as appears 
by what has been ſaid. 8 
_ Fifibly, after this laſt manner, ſome Epicicles are ſaid to 
move by Aſtronomers, to wit, by the motion of the Centre 
to the Faſt, according to the Series of the Signs, or, as they ſay, 
in the Conſequent; ſuppoſe the Centre C towards A, and the 
Supream point, or the Fianets Apagæum D, moved in the op- 
poſite part Hom Din E towards the weſt, and, as they ſay, in 
the Antecedent. 
Bur firce the foreſaid motion may be divers according to 
the divers magnitudes, and proportions ot the Circles, it ap- 
pears ncverthelels fm the doctiine deliver'd before, that the 
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lines of all the points deſcribed by the motion of any circle, may 
be determin d hewſo'ver tis moved on one or another, which 
may be of great uſe in Aſtronomy. 


— 


— 


„„ „„ 


The Spiral motion of Sphæres may be explicated, fo wit, 
when a Sphere is moved by a motion mixt of Right and 
Circular, or of two Circular ones. 


1 


Fig. 117 FS in the firſt place, let the Sphære BC be moved by 
its centre A through the right line AH, and at the 
ſame time turn it about the axis BC ; moreover every point, 
except the Poles B, C, deſcribes Spiral lines, as if they were 
Spires, ar wreaths, about divers Cylinders, about the greater 
Cylinder, truly the ſpire which ir deſcribes is from the point 
F or G, but about the leſſer, which is deſcribed from the point, 
next to the Pole C or B. But if it be turned about the Axis 
FG, or any other oblique, it will be another divers mixt mo- 
tion in divers points, whoſe lines may eaſily be found by the 
foreſaid doctrine. ag „„ 
In the ſecond place, let the point G be moved through the 
arch GC, and at the ſame time underſtand it to move about 
the Axis B C, it will. be a Sphærical Spiral motion mixt of a 
double circular. | | 
Thirdly, let the ſame point G be moved through the right 
light line G C, while tis moved alſo about the Axis BC; the 
motion will be conicaly Spiral, mixt of Right and Circular. 
Beſides the Spheric Spiral motion, there may be made another 
motion Conoid Spiral, to wit, if a Conaid be turn'd about one, or 
ahout the other Axis, while its point is ſomewhat moved 
through a right line; and 'tis of a threefold kind, viz. either 
Eiliptic, or Parabolic, or Hyberbolie, as appears by Geometry, and 
from the Mechanick deſcription of thoſe figure. 
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PROPOS. XI. 


In the motion of a globe upon a plane, a three-fold motion may 
conjoined, ſo that it may be mixt of a Right and two Cir- 
cular ones. © i | 


© gs experiment appears from the game at Billiards in play- 
ers balls, for while the Centre 1s moved through a right 
line. and the other points about the Centre, ſuppoſe in a ver- 
tical circle, if the globe either by oblique reffexion, or by a 
new impulſe, be never ſo little turn'd aſide about the Horizon- 
tal, or other line, it concieves another circular motion alſo by 
that line, and ſo beſides the right motion of the Centre there 
is a double circular. And from this appears the reaſon of the 
faid plays; as for example, while the ball is moved by the right 
motion of the Centre, and by the circular motion of the orb 
together, if the, Chord be toucht lightly tis turned a little a 
fide and makes another circular motion, from whence it follows 
after wards, that the leap decieves the player, becauſe the new 
era motion acquires a new determination ir the reflecti- 

on, Cc. 


— - — 
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PROPOS. XII. 


A Globe, or ſuch like body, infiſting on a plane cannot move 
circularly about the Penpendicular Axis, unleſs at the 
fame time it be imprinted by a double impetus in oppoſite 
Parts. Fzg. LI: pe ad | tf 


Et the Globe, or Top, ſuch as children play with of a 
Convid: figure be A B, reſting on a plune in the point B, 

and you would have it move about the axis A Bin an Horizontal 
circle CD I ſay, it cannot ſo move, unleſs all under one it be 
impreſt; or forced by a double oppoſite impetus, one, for ex- 
ample, in C towards the right hand, and the other in D towards 
the lett hand part; the reaſon is, becauſe if it be forced by one 

| impetus 
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impetus only it will be determined to one only right line, and 
ſince there is no impediment ſuppoſed, u hich may hinder the 
Globe that it ſhould not be moved by that line, it will be 
moved by it, and ſo be turned on the plane in the vertical 
circle AC DB, but the top will fall to that part towards which 
the impetus is impreſt. But if at the ſame time another impe- 
tus be impreſt on the oppoſite part, when theſe two impetus's 
are not by the ſame line, but by two divers lines parallel to each 
other, either may have its effect by chance, and when one at 
once hath the reaſon of the impediment with reſpe& to the 
other, leaſt the Globe, or top, profecute the motion by right 
lines, tis determined to circular motion, fer neither cin thoſe 
two impetus's obtain their effects any other way; hence it is, 
that the top being taken by the head, or its end of the Axis A, 
and being caſt off by the fingers in contrary parts we make it 
Spin, or turn in circuits; and it perſeveres this circular motion 
a long time, becauſe the impetus is not deſtroyed by the weight 
ſince the top is in Equilibrio, but the only by rubbing with the 
plane, and from ſome refiſtance which every moment changes 
the determination of the tangent lines; hence the ſmoother the 
plane is, and. the ſharper the point of the top is, the longer 
time It ſpins, or proſecutes the motion. 

But when we wind a ſtring about the top, and retain the 
other end of it in the hand, and caſting it from us ir ſpins, 
then in like manner that double impetus happens in the oppo- 
ſite parts; for not only while the ſtring D E unfolds, doth it 
draw towards us the point D, but at the ſame time with the 
{ame ſtring we throw the top from us like a fling; and the mo- 
tion of the top endures longer being caſt in this manner, by ſo 
much as the impetus's are greater and the ſtring the longer, 
becauſe a power applied remains longer, and while the pro- 
jected impetus perſeveres the other impetus of the ſtring being 
retracted in the oppoſite part, and hindering the former im- 
perus, gives many new determinations to new and new tan- 

ents. | 
5 While the top is caſt, it makes a motion mixt from the right 
motion of the centre, and of the Horizontal circular, as appears, 
or alſo of another right motion which tends downwards. 

Secondly, when it inſiſts on a plane, if the ſame point on which 
it inſiſts be moved only by a circular motion about the axis, 
then tis ſaid to ſleep, yet in truth the motion of the Rn is. 

* „but 
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but little moved about the Centre of gravity which is in the 
Axis; but becauſe it either finds it on the plane, or makes 
hollow ſome little trench of it ſelf, this trench detains the Axis 
leaſt ir ſhould go our of it, unleſs afterwards the Axis begins to 
incline more. 

Thirdly, thereupon it moves always by a motion mixt of a 
Circular about the Axis, and of a Circular of the ends of the A xis, 
ſo that alſo if any point of the Axis remain immoveable, yet the 
extream points of the Axis deſcribe two circles, one in the 
plane, the other in the air above. 

Fourthly, ſometimes another motion of the whole Axis hap. 
pers to the foreſaid motions, which is carried about not in a 
perfect orb, but ſpirally, the Spires,or wreaths, ſucceflively more 
and more contracting untill it begins to ſleep; and this motion 
is always on that part to which the outer portion of the top 
by its motion is turned about the Axis; to wit, becauſe this 
Spiral motion of the Axis is determined from the circular mo- 
tion about the Axis; you ſee therefore many motions in a top, 
one about its Axis in an Horizontal circle, another of the ſame 
Axis, and the Spiral of the Centre; laſtly, another of the turn- 
ing round of its Axis about ſome of its points, by which motion 
of turning or trembling the foreſaid little circles are deſcribed 
by the top and point of the Axis. 

But the Impetus of the orb about the Axis ceaſing after that, 

and the turning about and the inclination of the Axis prevail- 

ing, the Centre of gravity ſo departs from the line of direction, 
that the Impetus of the orb cannot keep the Axis erect, the 
top falls; and then becauſe in it there remains as yet much of 

the former impetus, it makes ſtill ſome oblique turnings or 
Circuits, which although they ſeem to be made in the oppoſite 
part, yet they are made (if you attend rightly ) on the 
ſame part on which the circular motion about the Axis was 
made; which when 'tis hindred by the contact of che Plane, 
therefore afterwards tis rolled about upon the Plane, and now 
is more moved by the motion of the Centre which before was 

hindred by motion of the orb, or that from this you may 
| know the nature to be loved of the right motion of the Centre, 
but not of the orb about the Centre. 


Mechanick 


Book IX. 8 175 


Mechanic Powers. 


* 6 — ä — — 


— — — ——— | 


Of Circular Motion artificially fitted to 
Mechanick uſe. 


& 
a 
1 
— —— :! —ö³ » 
. — * * — 


BOOK. IX. 


P_ — 
— — _— 


3 


— * 


— — 


circular motion doth not appear, or at leaſt that which 
| may not be reduced thereto, notwithſtanding in this 
place we ſhall treat only of thoſe kinds of Engins, or Inventi- 
ons, which immediately depend on the Principles, and Doctrine 
of Circular motion hinted at before. 


Problem. I. 
To make divers kinds of Wheels commonly uſed in Engins. 


\ OV ſhall ſcarce ſee any ingenious Engin in which either 


8 we make uſe of two ſorts of Wheels, one where- 
of is furnifhe with teeth, and the other hath none; thoſe 
that have none are ſingle Wheels, and Pulleys, which are hol- 
lowed in the Periphery for the Rope to move in, as alſo Wheels 
with handles to turn them by: And the firſt ſort of Wheels 
ON as many kinds, as there are various forms of teeth, 
which I think fit to deſcribe in the firſt place, for the better 
underſtanding of what follows, and that any one may know 
how to make choice of thoſe kind of Wheels which he e- 
ſteems moſt fit for his occaſion, 6 
Teeth, or,as ſome call them, Claws, or handles turning.round, 
their chief uſe about Wheels is, that they lay hold on, or bite 
each other, and being folded in each other they cauſe a reci- 
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procal motion, and they are various as you may ſee in Fig. 119. 
trom whence the names of thoſe wheels are divers. 

A toothed Wheel is, that whoſe Periphery ſticks out with 
little handles endued with Semicylidric form, as in the arch 
AF, or 2 plain fided Priſme, as in the arch EF. 

A Fingered Wheel is, that whoſe Periphery is garniſht with 
plain Cylindrick ſmall ſtakes, as in the arch AB, or ſomewhat 
like Cylinders, as in the arch B C. 

A ſharp pointed Wheel is, that whoſe Periphery is cut in with 
little handles turning round like the figure of a point of a Sword, 

or of a tongue, as in the arch E D may be ſeen. 

A Studded Wheel is, that in whoſe Periphery little Spheres, 
or Convex Hemiſphæres are diſpoſed, or the Concaves are 
made hollow an{wering to the Convexes in the other Wheel, 
the firſt parcel referrs to the arch CD. 

A Starred Wheel, is that whoſe Circumference is furniſht 
with three ſided Priſmes having each fide equal, as in the arch 
GH. | 

A Snagged, or ſawed Wheel, is the ſame as the former, only 
with this difference in the former, the triangular ſides of the 

Priſme are equal, but in this they are unequal, as in the arch 
'GN. 

A helical, or ſcrew Wheel is, that in whoſe circumference 
chanellings or grooves are made, according to the quantity of 
the angle of the Axis of the inclined wheel, whatſoever figure 
the ſame hath, which nevertheleſs are reduced to four kinds, 
Semicylindric, as in the arch AF, Trigonal, as 1n the arch GH, 
of four ſides, as in the arch K L, 7iapezias, or unequal 4. ſides, 

as MI. 3 2 Ns 

A hooked, or crooked Wheel, is that which hath hooks diſ- 
poſed in its circumference, as in the arches H K, and N M, you 
may behold. 

Alſo Wheels are named with reſpect to the figure of their 

Wheels, let the teeth be what they will; for ſome are called 
plain Wheels, or Orbiculates, in which the baſes of the Cegs Or 
Tetb are all in the fame plane; others are called Convex Cylin- 
dric, when the Cogs are diſpoſed in the outer ſuperficies of 
the Cylinder, or any circle thereof: Others are called Cencave 
- Cylindric, in whoſe inner Cylindric ſuperficies the ſame Cogs 
are diſpoſed : In like manner ſome. Wheels are called Convex 

Conic, others Concave Conic, even as is ſaid of Cylindric: Laſtly, 

„ a Wheel 
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a Wheel without teeth, and whoſe Periphery hath nothing 
ſticking out,: they call ſmooth or even. e ort. i 


Note, that all the kinds of teeth, or Cogs deſcribed, or any 


s 


* 


other ſuch like, may be made, not only in the Periphery, or 
outermoſt ſuperficie of the Wheel, bur alſo in one or both of 
the lateral ſuperficies, or Circular, or Cylindric baſes. = 


Problem. II. 


To apply Weights, or Powers ( moving by their natural 972 
vity ) to Clocks, or other Engins. | 


- 


TH: 


A Lmoſt all kind of Engins, which are moved by inanimate 
Power, are uſually made with ſome Wheel, or Cylinder, 
to which a weight being hung, while it endeavonrs down- 
wards by its natural gravity, it moves that Wheel, or Cylinder, 
and that puts the other parts of the Engin in motion, as ap- 
pears in common Wheel Clocks: Ard weights may be applied 
to Wheels, many ways, which” we will unfold, before we pro- 
ceed to the making of the Engins: The, firſt way of hanging. 
weights to common Clocks, or other Wheels, which by ſome ' 
determinate time, being 17 in the middle and impelliwg, 
ought to turn them round, is, that one end of the Chord, or 
Rope, be fixt to the Cylindric Axis of the Wheel, and the other 
end ſufficiently faſtned to the weight, as you may 
precieve in the Figure: And in this practiſe you Fg 120. 
muſt beware, that the Cylinder be not wanting to . 


the rope, for it ought to have only ſo much length, that 
the whole Chord may be turned about it, for if the rope be 
twice wound about the ſame Cylinder, that is, if the latter 
windings of the Rope fall upon the former, ic will come to paſs 
that the formoſt motion (viz, while that part of the Rope de- 
ſcends which is wound about the other) the motion will be 
ſwifter than that of the latter, to wit, While the remaining part 
of the Rope deſcends which is immediately wound about tlie 
o ˖ Uh ran i oo Le To Ee or ae 
The ſecond way is, when weights are hung to each end of 
| the Rope, as appears in the Figure: For the Rope 
ABC is put upon the Pully D, in whoſe Petiphe- Fig. 121, 
ry there is a hollowing, or groove cut arching ſo 


that the Rope may lie in it, and recieve firmly in it the draw-" - 
Heron Ch he leeds Bir ws AA ILY * 4 *— off: 2 ing 
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ing force of the weight, and the weight A muſt not deſcend 
without ROS the Pulley about, and confequently raiſes the 
weight C. 

In praQicing this Artificers are commonly miſtaken, for 
ſome in the foreſaid hollow ing of the Pulley D, make 6 or & 
ſharp points ſticking out to hinder, leaſt the Rope being 
drawn by the force of the weight A ſhould not turn about the 
Pulley. | i 

But thoſe ſharp points render the motion of the Pulley, and 
ſo of the Clock, or other engin, altogether unequal ; others: 
make the Cavity or hollowing of the Pulley narrower in one- 
place, and wider in another, from whence it follows, that the 
Rope being unequally diſtant from the Centre makes the mo- 
tion unequal. F 5 

Therefore if the Rope ſlips without turning the Pulley thoſe 
ſharp points may be uſed, but a greater number muſt. be affixt, 
and they ought to ſtand out all alike, and equal upon the Peri- 
phery of the little Wheel; which may be performed more 
ſafely if you glew on ſome little balls like button moulds, or 
beads to the whole Chord, or fix them in ſome other manner 
which may be all alike and equally diſtant to each other; and 
in the Cavity, or hollowing of the Periphery of the pulley, make 
little holes or cavities right with the ſame diſtances, which 
Cavities muſt anſwer the little buttons or beads, and receive 
chem within them one after another: Some inſtead of theſe, 
tye knots in the rope, being equally diſtant. 2 

Fig. 122. The third manner in uſe is, when the ſpace for 
the deſcent of the weight is too law, or ſhort, or of too few 
hours; or if it be ſufficient, we would notwithſtanding ex- 
tend the motion of the clock, or dial, to more hours. For then 
we double the Rope, which may again be done in a twofold 
manner; firſt, one end of the Rope is faſt bound to ſome place 
A, and the other end to the Axis, or Cylinder E, of the Wheel, 
- Which it ought to go about; as for example in D, this Rope 
ABD ſuſtains the little Pulley C with the weight annext to it, 
and this whole weight together with the little Pulley C ought 
to be double of that which is hanged to the ſingle Rope; alſo» 

RY the Rope may be triplicated, quadruplicated, &c. 
Fig. 123. if there be added above and beneath other Pulleys, 
in which caſe alfo the weight may be in like man- 

ner triplicated or quadruplicated, &c. In the ſecond place -4 
65 N the 
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the double Pulley D, C, one of which being annext to the 
weight C, and the other to the Counterpoiſe D, and the ends 
of the Rope B and E are faſtned to ſome firm immovable place; 
ſo while the weight deſcends with the Pulley C, it turns the 
Wheel, or Pulley A, and lifts up the counterpoiſe D. 

Fig. 124. The fourth manner is by a continual Rope, diſ- 
poſed in ſuch manner as the figure ſhews, in which A is the 
loweſt Wheel of the Clock, or ſuch like Engin, or the pulley 
annext to the Wheel, and made hollow in the Periphery to re- 
cieve the Rope firmly, as we have ſaid before. B is another Pulley 
like to the former, and moreover furniſht with ſaw- like teeth, 
and with a pin C ſo faſtned to the ſide that it endeavours 
againſt the teeth while the weight D deſcends, that the Pulley 
B be not turned about at that time; but the Pulley A is roled 
about and lifts up leiſurely the counterpoiſe or weight E an- 
next to the pulley; here you ſee there is no extream head of 
the Rope, but it is one continued Rope, and put into the Pul- 
lies, whence 'tis called perpetual or infinite. When therefore 
che weight D deſcends to the lower part, and the weight E is 
carried to the upper part, the Rope being taken by the hand 
in E, and by drawing downwards raiſes the weight D again and 
deꝑpreſſes the weight E, for the pin C endeavours not againſt 
the motion of the Pulley B, but alone againſt the oppoſite 
motion. N | 1 
The peculiar conveniency of this Rope, and the application 
or diſpoſition of the weight conſiſts in this, that in the ſame 
ipace of time, wherein the Rope is drawn, and the 
Fig. 125. weight raiſed to continue the motion of the Clock, 
the motion of the clock is not interrupted, as hap- 
pens in others; for alſo while tis drawn upwards by drawing 
of the Chord in E, it diſcharges its office in enforcing the Puk- 
ley A, which truly is of great moment to the exact perfection 
of Clocks, and ſuch like Engins, and the knowledge of 
timè. | | | {4.7243 SUES. CI ITT: 
| Likewiſe you ſee by this doubling of the Rope, that the 
ſlowneſs of the weighr's deſcent is doubled to that it would 
have by a ſingle Rope; and it might, if need were, be quadru- 
plicated, and be made greater than any given proportion. You 
may add to the two pulleys A, B, another Pulley: G, and to the 
Pulley D adjoin another little Wheel about the ſame Axisvor if 
divers, join it at leaſt with the other Axis. Then this perpe- 
ts Aaz ua 
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tual Rope being drawn about all the Pulleys,viz. ADGDBEA; 
for ſo the deſcent of the weight D will be four fold flower, and 
therefore the weight ought to be four fold greater, yea, and 
ſomewhat more, becauſe of the much rubing of the Pulleys with 
the Rope, and the reſiſtance, &c. N 
Fig. 126. The fifth manner is this, the Pulley B is underflood to 
be firmly affixed to the lower Wheel of the Clock, the other A 
ſtabliſned ſome where commodiouſly, and being furniſht with 
 faw-like teeth with an Iron Pinto endeavour againſt the weight, 
as is ſaid before; from the perpetual chords of theſe Pulleys 
hangs the weight H in the little concentric Pulleys E FG and 
CDN, one of which is conjoyned immovably to the other, 
and both together about the common axis of that which turns 
eaſily: Moreover below let there be two Pulleys K and L con- 
joined in their centers to the common beam K L, in the middle 
wWhereof hang the weight M. About theſe and the former 
Pulleys draw two perpetual chords by this artifice, the firſt Choi d 
is BLGFEGB, to wit, ſo that it fold about the Periphery, or 
circuit of the whole Pulley E F G once: The other Chord in 
like manner, muſt be drawn about the whole Periphery, of 
the leſſer Pulley C DN, concentric with the former, ſo that this 
whole Chord be AC ND CK A. But now that which is. 
faid concerning this laſt Chord; and the pulleys belonging to it, 
is, that it ought to be done altogether like to the other, but 
placed on the other face or fide of the Pulleys, which in like 
manner contains a certain leſſer Pully equal to CD N, ſtanding. 
out on the other part and divides the whole office of holding 
or bearing up with the other; wherefore it behoves the Pulleys. 
A and K to be alike.. LD. if Tr BN 
That therefore the weight H be drawn with its Pulleys on 
which it hangs, you muſt apprehend the Chord A K, either 
alone or compared with another, viz. in E, and drawn down- 
wards; for ſo it comes to paſs that the weight H afcends, yet 
in the mean while the motion of the Pulley B is not ſtopt, and 
confequently neither the motion of the Cloek, or other Engin: 
So likewiſe it appears in this method, as alſo in the precedent, 
that the attraction of the weight may be continued as long as. 
you pleaſe without hindering the motion of the Engin. Laſt- 
ly, it appears in this laſt method that the motion downward of 
the weight may be made {low according to any given propor- 
ee ee, eee . 43 P38 tion,, 
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tion, to Wit, in that proportion which the diamerers of the 
Concentric pulleys CON and GEF have to each other; and 
in the ſame proportion the weight will always be incrcalt. 


Problem. III. 


To appply a Spherical, or rolling weight, to the Wheels of 
Clocks, or other Engins, by finite Chords, as well as by, 
infinite Chords, e ah l q03 903-00; 25 ft 600 


GE oftentimes it is neceſſiry in the artificial conſtruction 
I of Clocks, and other Engins, to make ule of Sphærical os 
rolling weights, two or more whereof ſucceed each other mu- 
tually to continue or perpetuate the motion of the Engin, as 
will appear by what ſhall be faid; therefore We will, deliver;a 
double method, whereby it may eaſily be obtain d 
Fig. 127. Firſt, it may be done by a perpetual Chord, or 
Thong of Leather twiſted; for let there be two Pulleys, or ſhort 
Cylinders A and B, A being fixt to the loweſt, Wheel of the 
Clock, and B ſtabliſhr in the loweſt place to Which the weight 
ought, to deſcend; put on each the perpetual chord ABC DA, 
or a Thong made of the Hide of a Beaſt; then take another Thong 
altogether like to the former and put about the ſame Cylinders, or 
on two other pulleys parallel to the former and dittant from 
them ſo much as is the diameter of the Sphærical weight D, which 
is ſufficient to turn the clock or Engin, this interval of the double: 
Thong being obſerved, joyn one Thong with the other by 
ranks of certain tranſverſe Irons ſemicylindrical, whoſe baſes, 
are EH I, LMN: And they are eaſily connected if you drive 
2 Nail through each Semicylinder, and the Thong which folds 
about it, or if by chance the Thongs of the Semicylinders 
ſtrain in the middle, it will make a Scale, as appears in the; 
Figure PQ ſo that the Sphæric weight D being placed between 
the foreſaid degrees will be ſuſtain d by the lower pair of. Cy- 
linders, viz. in F. But that theſe kind of perpetual Scales: 
may be turn'd about with the Cylinders A and B with an uni- 
form motion, there muſt be made hollow Semicylindric grooves: 
or Channelings in the Peripheries of the Cylinders, in-which: 
are received the convex Semicylinder of the Scale. 
If the Sphæric weight D be of a great bulk, the Thongs may 
be made of double or triple Leather that they break not, or in. 


ſtead of chem Iron chains may be uſed. 5 The- 


* 
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The chief uſe of this perpetual Scale is to continue the motion 
of the Clock, or other Engin; for after that the weight D is 
deſcended to the loweſt part G, tis caſt away by the Scale, 
which will be done either from the Pulley B, or better from 
ſome obſtacle fitted below for this purpoſe; then the Globe 
breaking out from the Scale in the lower groove G, lifting up 
ſome peſtle of Iron by means of a Thred or Chord, opens an 
entrance to the other Globe in the upper groove E, that it may 
ſucceed in his place on the top of the Scale; but the former 
Globe depoſed in G is lifted up again to the groove E, by an 
artifice which we will ſhew in the following Problem, that it 
may again deſcend by the Scale, Cc. | 

Fig. 128. Secondly, it may be done thus, affix the Pulley H to 
the ſock Wheel of the Engin, which ought to move and turn 
eaſily about its Axis, having in its Periphery Saw-like Teeth 
with the Peſtle R, which being fixt in ſome place of the Wheel, 
and fitted with a plate of metal preſſing; put the Rope L HK 
upon this Pulley, faſtning to one of its ends L fome little Box or 
Basket wherein the Globe may be received, and to the other 
end K, hang a weight of ſuch gravity, that it may draw up 
the Basket free from the Globe, from the bottom Q to the 
top, Where now it appears in the figure, which the Yveſtle R 
will not hinder, which hinders only the oppoſite motion 
of the Pulley H, and that the Globe may be contain'd within- 
the Box or Basket, and not flip out of it, erect two or more 
rules P Q and MN, &c. But after that the Box with the 
Globe is deſcended to the bottom Qs, the Globe muſt run out 
of the Box, either by mangling the rule N, or by the declivity 
of the bottom Qs; Laſtly, the Box or Basket being ſreed from 
the Globe, is lifted or raiſed upwards by the weight K, and 
being advanced to PM, takes in there the other Globe equal 
to the former, and that the Clock, or other engin, may be 
kept in motion. while it is let down in Q, and raiſed again in 
M, we will ſhew by and by. n Brit | 
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Problem. IV. 


To convey weights, moving an Engin up to the upper part, 
after their deſcent to he loweſt part. 


Fig. 127. T His may be done many ways; firſt; by the perpe- 

3 T tual Scale deſcribed in the preceeding Frakes 
for if you underſtand a Toothed Wheel joyned to the Pulley A, 
and firmly adhearing to the ſame Axis, if then this toothed 
Wheel be moved together with the Pulley A by any ſuper- 
ſtructure, or any other way from the power impelling the Su- 

eam Wheel, or part of the Engin, and the motion be made 

om A towards C, the Globe, or weight D, will be raiſed 
gently from the bottom to the top, whence it devolves again 
to animate the Clock, or other Engin, by the artifice explicated 
in the precedent Problem. 

Secondly, the Arrtifice in the ſame third Problem, explicated 
in the ſecond place may eaſily be applied to the drawing Sphæ- 
rical weights, from the bottom to the upper moſt part. For 
let there be a toothed Wheel AB C to which there may 
be others made according as the thing requires; place the 
Pulley DE on the axis of this Wheel on which a Rope being 
put, let one end of it ſuſtain the Sphærical weight P within its 
Box or Basket, and on the other end hang the Counterpoiſe 
N, a little lighter than the Basket P without the Globe, or 
weight, that from this that may be taken up. The Peſtle B 
furniſnt with a little wing lays hold on the Snags of the Pulle 
and detains it againſt the endeavour of the weight P. Alſo 
make a certain dovetail D F in the Periphery of ſuch bigneſs, 
that it may be equal to a quadrant of the Circle, or exceed it, 
in the middle of this make a long ſlit D E, through which the 
common axis D of. the Wheel and of the Pulley np gen 3 
moreover make a moving leaver HG FC made firm ſome- 
where about the point G, with which Leaver the foreſaid 
dovetail is linked in the point P: Then in the point A fix a 
ſpar, or bolt A K, furniſnt with a preſſing wing and movable. 


about the point A, and near this bolt place a Leaver full of 


corners or nooks K L MN movable in the point M. . 
Theſe things thus diſpoſed, If by the mation of the Wheel 


ABC the weight be elevated leiſurely to the top ee 


— — — 
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The chief uſe of this perpetual Scale is to continue the motion 
.of the Clock, or other Engin ; for after that the weight D is 
deſcended to the loweſt part G, tis caſt away by the Scale, 
which will be done either from the Pulley B, or better from 
ſome obſtacle fitted below for this purpoſe ; then the Globe 
breaking out from the Scale in the lower groove G, lifting up 
ſome peſtle of Iron by means of a Thred or Chord, opens an 
entrance to the other Globe in the upper groove E, that it may 
ſucceed in his place on the top of the Scale; bur the former 
Globe depoſed in G is lifted up again to the groove E, by an 
artifice which we will ſhew in the following Problem, that it 
may again deſcend by the Scale, Oc. 

Fig. 128. Secondly, it may be done thus, affix the Pulley Hto 
the wel Wheel of the Engin, which ought to move and turn 
eaſily about its Axis, having in its Periphery Saw. like Teeth 
with the peſtle R, which being fixt in ſome place of the Wheel, 
and fitted with a plate of metal preſſing; put the Rope LH K 
upon this Pulley, faſtning to one of its ends L ſome little Box or 
Basket wherein the Globe may be received, and to the other 
end K, hang a weight of ſuch gravity, that it may draw up 
the Basket Ke from the Globe, from the bottom Q to the 
top, where now it appears in the figure, which the Peſtle R 
will not hinder, which hinders only the oppoſite motion 
of the Pulley H, and that the Globe may be contain'd within- 
the Box or Basket, and not flip out of it, erect two or more 
rules P Q and MN, G. But after that the Box with the 
Globe is deſcended to the bottom Qs, the Globe muſt run out 
of the Box, either by mangling the rule N, or by the declivizy 
of the bottom Qs; Laſtly, the Box or Basket being ſreed from 
the Globe, is lifted or raiſed upwards by the weight K, and 
being advanced to PM, takes in there the other Globe equal 
co the former, and that the Clock, or other engin, may: be 
kept in motion, while it is let down-in Q. and raiſed again in 
M, we will ſhew by and by. "WOW. 4 dries 9 


Problem 


Problem. IV. 


To COMVEY weights 8 "—_— an Engin up To the upper part, 
after their deſcent to the loweſt part. 


Fg. 127.F*His may be done many ways; firſt; by the perpe- 

ory T cual Scale deſcribed in the preceeding 2 5 — 
for if you underſtand a Toothed Wheel joyned to the Pulley A, 
and firmly adhearing to the ſame Axis, if then this toothed 
Wheel be moved together with the Pulley A by any ſuper- 
ſtructure, or any other way from the power impelling the Su- 
pream Wheel, or part of the Engin, and the motion be made 
from A towards C, the Globe, or weight D, will be raiſed 
gently from the bottom to the top, whence it devolves again 
to animate the Clock, or other Engin, by the artifice explicated 
in the precedent Problem. 

Secondly, the Artitice in the ſame third Problem, explicated 
in the ſecond place may eaſily be applied to the drawing Sphæ- 
rical weights,from thę bottom to the upper moſt part. For 
let there be a toothed Wheel AB C to which there may 
be others made according as the thing requires; place the 
Pulley DE on the axis of this Wheel on which a Rope being 
put, let one end of it ſuſtain the Sphærical weight P within its 
Box or Basket, and on the other end hang the Counterpoiſe 
N, a little lighter than the Basket P without the Globe, or 
weight, that from this that may be taken up. The Peſtle B 
turniſht with a little wing lays hold on the Snags of the Pulle 
and detains it againſt the endeavour of the weight P. Alſo 
make a certain dovetail D F in the Periphery of ſuch bigneſs, 
that it may be equal to a quadrant of the Circle, or exceed it, 
in the middle of this make a long flit D F, through which the 
common axis Dr of: the Wheel and of the Pulley may paſs; 
moreover make a moving leaver HG FC made firm: ſome 
where about the point G, with which Leaver the foreſaid 
dovetail is linked in the point F: Then in the point A fix a 
{par, or bolt A K, farniſhe with a preſſing wing and movable 
about the point A, and near this bolt place a Leaver full of 
corners or nooks K LMN movable in the point M. | 

heſe things thus diſpoſed, If by the mation of the Wheel 
ABC the weight be elevated leiſurely to the top of its a 
2 | and 
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and being flipt from the Basket or Box into the groove or 
Channel leading it to the-deſigned place for animation of the 
Clock, notwithſtanding the empty basker will be moved 
by the power raiſing..It, untill ic hits againſt rhe Leaver 
CGH and lifts it up a little, and the Loeaver being raiſed 
takes up together with it the dovetail FD : And this Peſtle B 
being ſtretcht at length through the whole: thickpeſs of the 
Pulley in this part to the dovetail; in the mean whyle that the 
end H of the leaver CGH being depreſſed. lays hold on the 
bolt A K and detains it, at the fame time the Peſtle B being 
lifted up without the Saags of the Pulley, the basket P, although 
empty, yet heavier than the counterpoiſe, N will turn the 
pulley, and it will deſcend to the bottom that there it may again 
receive another Sphærical weight to be drawn up in the fame 
manner. i een ©: 3 OTE 117 
For the counterpoiſe either of it ſelf, or by making a certain 
knot in the Rope will raiſe the nooky Leaver N ML, and by 
it withdraw the bolt A K that it detain not any longer the end 
H, which being looſed, the dovetrale-DF falls off, and then 
the Peſtle B being ſent down lays hold on the Jags of the Pulley 
that the attraction of the weight may be made again: 
lf you fear left before the Peſtle B being drove away by th 
Snagged teeth of the Pulley, and the Pulley with the Basket 
ſhould begin to deſcend before the end H is laid hold on by 
the bolt AK; then hang ſo much weight to the arm GH of 
the Leaver as {athces to raiſe the doverale with the Peſtle B; 
and that the weight be not raiſed ſooner than the basket aſ- 
dends upwards, detain this arm G H by a certain crook or 
hook made after the ſame manner as the hook N H in. the fol- 
lowing Figure. But then in ſtead of the arm FC, the aym 
MN will be produced, that that being raiſed from the basket 
. Will withdraw the hook ſuſtaining the endeavour downward 
8 of the end H which is heavieſt:;; Moreover it will reſtore it to 
its former ſite aſcending with the Impe 
g poiſe N. F-90691. eie 035 Hie [SH ent en 
A lſo note] that when the Wheel A B C is often turn'd about 
in drawing of the weight, and conveys the Peſtle B every 
here Wilk, ite ſelf, that when the attraction is finiſht, the Peſtle 
B will be ound in the upper quadrant that is above the 
dert etale, which always certainly happens, if in the Rope or 
little chain of the bulley you make liule knots or * 
Ali that 
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that purpoſe, according as tis ſhewn in the ſecond Prob-- 


lem. 


Fig. 130. Thirdly, the ſame Pulley may be freed from its. 


Peſtle by another artifice; let the ſame Wheel B ſtick faſt to the 
axis C, and the Pulley D movable thus, that it may be moved to 
and fro by the Axis AC; Then after that the Basket E is brought 
to its height, it will raiſe in the firſt place the knotty Leaver 


E F G fixt movably in F; and this by the little arm GH drives 


out the hook H N, whereby the other knotty Leaver ML K 
is ſuſtain'd, ro whoſe arm LK ſo much weight muſt be hung 
as is convenient, that the other arm L M laying hold on the 
Tube M p, joyned to the hole of the Pulley D, may draw the 
Pulley by the Axis A C towards C, although againſt the ordi- 
nary reſiſtance of the force of the Hælix CP: And in this 
manner, thoſe jagged teeth of the Pulley are wichdrawn from, 
the Peſtle B, and the Basket E deſcends with its weight, by 
rurning round the Pulley together freed from the obſtacle of 
the Peſtle ; notwithſtanding in the mean while the little arm 
L M touches it highly, and detains the Tube ending in the 
rundle, in which the contact may be facilitated by adhibiting 
the little Wheel, or a turning Cylinder, &c. "In 

The arrival of the Counterpoiſe will make the Pulley repair 
to its place, far this when the imperus of the knotty Leaver 
M K, lifts up the end K, it places it in the hook HN; 


: 1 * 
* 1 
U N 
8 14 


which being done the pulley is forc'd into its place, by the | 7 


preſſing Hælix led about the Axis. . 
Hence alſo you muſt rake care, in making the Peſtle, B, that 
it be not let or bore down from its little wing, deeper than 


. 


the inciſſions, or Jags of the Pulley. , _.. 
224 - 11 1: Problem; -IV- 


To fit an irregular finite, and diſorderly moving power, ſo to 


an Engin, that it ſhall make a well order d regular, or, 


wholly equal motion. 


Ince Regularity and equality appears in no other motion, 
more than in the Circular, which of its own nature lcems, 


to require equality; we ſhall in this place declare thoſe things 


which are for obtaining this equality of motion, which truly 


are of great moment in Engins, 5 y in the conſtruction G 
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thoſe” that meaſure time. And of - theſe kind of Irregular 
powers ſome are perpetual, or infinite, and others finite which 


do execute their office to time. We thall treat of thefe laſt in 


this place, and of the former we ſhall ſay fomething hereafter ; 
heavy things being hung at liberty Whether hanging from an 
Engin, or ſome Wheel, are called regular powers, becauſe 
whether they are hung high or low, they always obtain equat 
force or moment; notwithſtanding if they are placed in ſome 
ambit of the fame Wheel according to a ders fire, and the ſame 
inclination, they acquire divers moments as appears from what 
has been faid elſewhere ; but tis needleſs to reduce this irre- 


gularity of weights to regularity, ſince that may eaſily be 


done. e 

Therefore irregular Powers which we commonly uſe in the 
cognſtruction and motion of Engins are Springs, that is, certain 
thin pieces of mettal in manner of an Bzlix, or wrapt up in 
Spires ſuch as are commonly uſed in watches, concerning which 


ſomething is ſaid before. 


Firf, the reſiſtance of the faid thin pieces of mettal is leſs in 
the beginning white they are bent or drawn than in the end, 
and in like manner when they are drawn or bent have greater 
force, and make a greater endeavour to reſtore themſelves in- 
to their firſt ſtation in the beginning of reſtitution or reduction 
than in the end, and this force increaſes of decreaſes not uni- 


formly, and with a proportional increaſe to the adductive or re- 


ductive motion, but with another certain increaſe or progreſ- 
fron not as yet certainly known, of Which in its place. 
Secondly, if the thin piece of mettal be bowed or bent into a 
Spire, or larger Spieres, the bending reſiſts lefs, and makes leſs 
force to reduce it {elf than if it be bent in leſſer Spires ; hence 
tis, that in this ſecond cafe it hath greater foree whereby it 
deſires to reſtore it ſelf, but obtains leſſer motion. 
Thirdly, Springs, or the fame thin pieces of mertal being bow- 
ed into a Spire or wreath, may be drawn more violent either 


in the Centre, or in the Circumference, or in both parts to- 


gether; if the thin plates conſiſting in the extream which is 
ih the circumference, the plate will be drawn by the wreſting 
of the other extream being in the Centre, it reſiſts the draw- 


ing leſs than remaining centrely immovable in the extream, 


the plate be wrearhed about in the Periphery, the reaſon is, be- 
cauſe in this fecond caſe it onght not only to out go the reſiſt- 
| | 52 Ance 
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ance of bending, but alſo the other of rubbing, or weaving of 
one volute upon the other, which reſiſtance nevertheleſs it hath 
by accident. | 
Fourthly, Springs are made weaker by degrees by often draw- 
ing them, but they are more weakned if they never reſtore 
themſelves, but if always, or for a long time, they continue 
drawn or pull'd ; hence they have greater force in the firſt ma- 
king of an Engin, but leſſer after long uſing them. 4s 
ifibly, if they remain ſometime free, that is, without draw- 
ing, they recover ſome of their ſtrength which rhey had loſt 
efore. Gp er 
Sixthly, Fo. Helmont in his Book entituled Med. Phyſic. de tem- 
pore, Num. 50. affirms, That the ſaid Springs of Clocks or Wat- 
ches are wont to be more ſtrong, or ſtubborn, when the North 
wind blows, which notwithſtanding is not as yet well known 
to me, neither doth the cauſe of this Phenomena calily appear, 
unleſs you'll ſay from Cold, which is wont to be more rigid 
when the Wind is Northward. | 
Thefe things being noted, the irregular force of Springs may 
de reduced to uniformity divers ways: Firſt, when theſe thin 
Fees of Mettal are wont to be made every whete of the ſame 
readth and thickneſs, they exert their force unequally in tt e 
beginning and in the end ; if the parts near the Centre be 
made thicker than the other, or broader with a due propor- 
tion, and then the drawing to, or lapping up being made in 
the Centre, the refiſtance will be equal and uniform in the 
whole drawing, or wreathing, and conſequently they will 
make the force equal in their whole reſtiration, until they 
come to their firſt ſtate, or condition; moreover on the con- 
trary, if they are made thicker in the "ls neareſt the circum- 
ference, and then the drawing be made in the circumference, 
from the oppoſite reaſon there will be an ed of force 
to cant or amend that unequal thickneſs or breadrh of 
the thin plate; notwithſtanding this way, whereby the inequa- 
tity of this rhicknefs compenſates, the inequality of force is not 
uſed, perhaps becauſe tis more laborious, and neither is it ea- 
ſy to find the proportion, whereby the thicket ought to be 
increaſed, gradually; yet if it were reduced into practice, it 


Would be far more üſeful and. certain than the other. 
The ſecond way more obvious, and uſed in ref ulating the 
Springs in -anclent Watches, ed an unequal prefion * | 
2 B b 2 ; the 
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the ſtronget part of the Spring, and that is made in a certain 


io cory Orb like the figure of an heart, for this Orb when 
the ſpiral plate makes leſs force, is alſo leſs preſſed from the 
other plate, or hindering wing 3 but when it exerts greater 


force in like manner that force is abated, ſo that tis reduced 


to a certain quality; alſo this way is ſcarcely uſed now among 
modern Artiſts, when notwithſtanding tis leſs laborious, and, 


as Experience teaches, oft-times more uſeful than others; per- 
haps tis deſpiſed becauſe tis more ſimple, to deter others from 
inquiring into an Art which is more ſubtil which they would 


do, if it were eaſier and ſimple. 

Fig. 131. Thethird way,which isat this time moſt in uſe is, a 
Hzlyx of Steel included in the Cylinder A B C D, movable about 
the durable axis EF; this axis paſſes by the centre of the Hælix, 
and detains its central end firmly, and leſt it ſhould be turn'd 


about together with the Spire or Wreath and Cylinder, tis hin- 


dred by a jagged wheel G H, firmly put into an axis, and a lit- 
tle bolt or peſtle HI, which ſtrives againſt the Jags of the 
Wheel : To the ſide of the Cylinder a Cone is made, or fome 
other ſuch body ſharpned at top like to a Top C K M, movable 
about the axis L M, the Periphery of this top is made in the 
manner of a Screw, with channellings or cavities made round 
It to receive a chord or Chain, one end whereof is faſtned in 
the point of the Cone K, and wound about the Cylinder, the 


other end of the chord is faſtned to the Cylinder in D; theſe 


things thus conſtituted, the inequality of the reſiſtance of the 
ſteel ſpires, or wreaths, drawing irregularly is made fit or meet 
by the deformity of the top, which where the reſiſtance of 
the ſpire or wreath is leaſt, the greater Periphery being turn'd 
receives the chord, whereby the Cylinder is drawn about, car- 
rying about the included end of the ſpire or wreath fixt to the 
Cylinder; and where the force and reſiſtance of the thin plate 


is ſtronger, the chord being then in the ſharpned or leſſer part 


of the top or cone, caſily ſuſtains that greater force by lefler 
diſtances from the centre, or axis, and by allaying it, tem- 
ou ſce then the whole perfection of Clocks, or Watches, 
which conſiſts in uniform motron, or equality, depends 
on the framing the foreſaid cone or top; which I deſire Ar- 
tiſts diligently to obſerve, and to take great care in the mak- 
ing of it, that the moving force of the ſpiral thin plate be 48 

Wien day | n l 
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dred every where equally valid; neither is it ſufficient, as 
they are wont, to try it by hearkning to it whether the ſound 
be ſharper or graver in the fwifteſt motion of the jagged lit- 
tle wheel GH, fince "tis not eaſy to diſtinguiſh the leaſt dif. 
ference of ſound,; wherefore tis rather to be done ſome other 
way, and Father Sehottus propoſes two, the firſt is by weigh- 
ing, viz. by a weight 2 on a long arm leading the Cone 
about, for if which way foever the Cone be turn'd about, 
the ſame weight endeavours equally againſt the adduction or 
reduction of the Spire, the Cone or Top will be per fe. 

Fig. 131. The ſecond way is meaſuring by time, for, ſays 
he, the little Wheels being ſet at liberty in a ſwift and free 
motion; take fome very ſhort Pendulum, and by its vibra- 
| brations examin the circumvolutions of the lower Wheels, 
for if the circumvolutions of each wheel be in equal fpace of 
time, it argues that the cone or top is perfect: In the fame 
manner, the circumvolutions or turnings round of the jagged 
little Wheel G H may be examined by a-Pendulum, to wit, 
whether they are made in equal time, notwithſtanding if there 
be added weight to the forefaid little wheel the motion is 
rendred more ſlow. | 


Problem, VT. ; 


To mend the unequal motion of Clocks, or other Engins, by 
cl applying a Pendulum. TIO, 


THER fault in Clocks, and all Engins that meafure time, 
is the irregularity of motion, for no kind of Clocks to 
this very day is found, whoſe motion is fo equal or uniform, 
that it_errs not ar leaſt a minute from the true meaſure of time, 
in one day or 24 hours, although it hath been the ſtudy and 
endeavour of many ingenious men; in the firſt place, we are in- 
debted to Mathew Campane to this end, that by the accurate 
meaſure of time Geographers may obtain the knowledge of 
Longitude, and what proficiency they have made in it, you will 
underſtand by what follows. OO. | 1041-524 

Truly tis doubted whether any man can by application of a 
Pendulum, compleatly perfect the little jagged Wheels of Clocks, 
and take away their inequality; therefore the Author of that 
famous Invention, deſerves to be followed and pris 
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of all Men; and ſince there are divers ways of application in 
this kind, ſome whereof we have deſcribed juſt 4 58 it re- 
mains that we reckon up ſome others in this place, either more 
ingenious, or alſo more uſeful. YR ee Ye 
Fig. 132. Let there be a Pendulum I L, wih a wire fixt to 


the Axis C D, which reſts on the two poles T and D, and in 


the middle part of its Axis, faſten here and there two little 
wings, or thin plates of metal, extended according to the 
length of the Axis, or in an Horizontal fite, above this Axis let 
the upper wheel of the Clock A B be turn'd, being made by 
a peculiar art ; to wit, let it be made in form of a Zone, with 
a double row. of Teeth diſpoſed to the end of the Zone in ſuch 
a double order, that when the Tecth, or little Keys. that ſtand 
out, being conſiderably diſtant from one another, each tooth 
of one row, anſwer to the middle ſpace of teeth of the other 
row; for ſo by turns they will hit againſt the aforc ſaid two 
wings, to wit, one tooth. or little key of the row towards the 


tight hand, on the righ wing, and the other row on the left 


hand, on the left wing; again; the other on the right, on the 
right wing, from whence are made the Altern Vibrations of the 
Pendulam. If then each of the two rows conſiſts of ten teeth, 
in all they will make twenty; and the Pendulum muſt be of 
ſuch length, that each compoſed Vibration anſwers one ſecond 
of time, there may be fitted on the ſame Axis of the wheel the 
Tympane F with {ix teeth, Which will be. moved by the wheel 
G H of 36 teeth, for this will abſolve one circuit in the ſpace 
of a Minute; ſo that an Index faſtned to its Axis, may hte 
every ſecond in a circle divided into 60 equal parts; and he- 
neath. che Wheel G H, another may be fitted, which may be 
rurn'd about in the ſpace of an hour, and its Index may ſhew 
the minutes, moreover another which may ſhew, the Hours, 


& „ eln Sh Sc gry tg! . et f 30 MOURN? 

But ſomething, offers. it ſelf worth our nating in the applis 
cation of Pendulums to Clocks; in the firſt, place; if a weight 
doubley or tripley greater be banged to a Clock, it is: not the 
reaſon of moving it notably ſwifter, or the cayſe of making 
the hours viſibly ſhorter, becauſe in this caſe the Pendulum is 
forced more vehemently, and therefore makes greater arches 

its Vibrations; it ſeems that it ought to move more flowly, 


90k of Pendulums, that the Vibrations which are made in a 
; greater 
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greater arch from the ſame Pendulum are longeſt ; but expe- 
rience tells us, that the Hours are ſomewhat ſhorter if weights 
are hung much greater, and the reaſon is, becauſe the Wheel. 
which is called Serpentine, or the wheel meeting with the 
beam of the Ballance by way doth not permit each Vibration 
to run through the whole Arch which they would run through, 
and therefore cuts them off a little ſhorter. 110: 
Secondly, For this reaſon Pendulums ought to be a ſmall mat- 
tet longer than if they were altogether at liberty, leaſt cach of 
their vibrations be made in a ſhoxter time than is meet 

Thirdly; You ought not to uſe a firing or little chain, be- 
cauſe they will bend, but a wire, or in greater Pendulums, a 
rod of Iron, or other Mettal. 
 Fourthly, Since in theſe kind of Clocks the angmenting or 
decreaſing of weights ſigniſies little to the ſwiftneſs or flowneſs 
of motion, but the ſwiftneſs or lowneſs depends almoſt wholly 
on the length or ſhortneſs of the Pendulum; therefore that 
Clock may be reduced to the juſt meaſures of Hours, the Globe, 
or Ball, ought to be fixed to the lower end of the Rod, in ſuch 
manner, that it may be raiſed or depreſſed, and that may be 
done if there be a ſcrew made on the end of the Rod, which is 
engrafted to the Globe more or leſs, and binds. it very well 
that it flide not down, which inconveniency may be prevented 
by another concave Screw P, which keeps the Globe aways in 
the ſame place. 1 0 b 

Fifthly, Tis better to hang a heavier weight to a Clock, or 
make uſe of a ſtronger Spring, and to apply a Pendulum a lit- 
tle the longer. 2 od tb 5% 10 eie lee at 

Sixt hy, The Vibrations ought not to be too great, but the 
pendulum ought to ſwing back ward and forward to the height 
of 30 or 40 degrees in its ch. g. 
Seventhly, Dl with 2 * * much —2 
ter weight or er Springs than others, which are regula- 
ted by * ordinary ſimple poiſers, ſo that ſometimes a triple 
weight is required to it, than is required to a Clock wirhout a 
pendulum; nevertheleſs for divers reaſons, according to the 
manner or faſhion, a Pendulum may be fitted, it may require 
more or leſs weight in the precedent artifice, unleſs the little 
wings of the Axis C D be made long, it will require a great 
weight; as appears from the principles of Mechanicd cum. 


Fighthly, ; 
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Eighthly, Greater Clocks which are furniſht with greater 
pendulums, in like manner require weights in the ſame pro- 
portion, or alſo in a greater than the times of the Vibrations 
have, or which is the ſame, in ſubduplicate proportion of the 
lengths of the Pendulums; for Example, let a Clock have a pen- 
dulum of 36 inches, or 3 feet, which makes each Vibration in 
one ſecond, and another with a pendulum of 9 inches, which 
abſolves the vibrations in half a ſecond, fo that in one hour 
that makes 3600 vibrations, and this makes 7200 ſince the 
pendulum of the firſt Clock is quadruple of the other, to agi- 
tate it, is required a quadruple force or weight; becauſe it 
ought to move but doubly ſlower, alſo the Serpentine wheel, 
or that which incites the pendulum, muſt be moved doubly 
flower, and therefore the weight hung to the lower wheel will 
have a double weight, therefore a double weight ſuffices to move 
a pendulum cf quadruple length through like Arches; for a 
double weight, if it have over and above a double poiſe of a- 

nother weight, is equivalent to a quadruple weight. 

Fig. 133. Notwithſtanding 'tis to be Noted, if the longer 
pendulum be inforced in a point proportionally di- 
ſtant from the centre of the pendulum, a weight as little again 
will ſuffice to move the long pendulum, as if the pendulum'A 


C, receive an impulſe from the upper wheel in the point B, and 


another longer pendulum D F, receive an impulſe in the point 
E, and let the proportion be the ſame of AC to D B as of D 
F to DE, a weight doubly leſſer is required to move the 


longer pendulum than to move the ſhorter pendulum; for if 


the diſpoſition of the wheels be the ſame, or the' velocity the 


ſame as the upper wheel, an equal weight is required as ap- 
pears, but in a longer pendulum the upper wheel is moved 


doubly ſlower, and ſo the weight hung to the Clock hath a 


double poiſe, therefore a weight doubly leſs ſuffices. But if 
the pendulum D F be impelled in G, ſo that D G be a mean 
proportional between A B and D E, than an equal weight in 
each Clock is required, and only double the weight is requit- 


ed in the Clock of the pendulum D F, when the pendulum is 
incited in the point H, ſo that D H be equal to A B, and the 
Globes C and Fare ſuppoſed of equal weight, but if the weights 


. - are unequal, then their proportion ought to be had, which 


may vary diverlly. 


Problem 


Book IX. 
Problem. VII. 
Another way of fitting a Pendulum to a Clock. 


Fig. 1 H we will deſcribe the way moſt in uſe of fir- 
5 | ting Pendulums ro Clocks, the ſerpentine or 
encountring wheel, muſt be placed in an Horizontal fite, and 
the beam of the Ballance alſo ſtretcht out - Horizontally on the 
ſame ; the wheel furniſnt with jagged teeth, muſt have its num- 
ber unequal to this, that two little flaps, or wings, of the Beam 
of the Ballance, may lay hold on the teeth by rurns, according 
to the uſual manner, which little wings ought therefore ſo to 
be joined to the beam of the Ballance, that their planes make 
a right angle, and the Axis of the beam ought to be extended 
preciſely through the centre of the Wheel ; bur becauſe if the 
Pendulum be immediately join'd ro the beam of the ballance, 
its weight will burden it too much, therefore a handle is added 
to the beam, boared through in the extream point, to which 
hole is fixt a rod hanging at liberty that it may eaſily agitate. 
But you muſt take care that the lower little arm poſſeſs a 
middle ſite between each little wing of the beam of the Bal. 


lance, leſt one vibration of the pendulum be greater than ano- 


ther, and make the motion very incongruous and lame; in the 
reſt obſerve the precepts already delivered; ſome fix a Globe 
unmoveable on the end without any Screw, moving the cen- 
tre of the Spear or Wire, they raiſe it or depreſs it to reduce 
the vibrations to the exact meaſure of time, tor when the cen- 
tre is raiſed, the 
ſooner diſpatches each vibration, ſpecially becauſe tis refiſted 
by a leſſer impulſe, and it makes the vibration flower, if it be 
depreſt for the contrary reaſons ; yet you muſt take care that 
the centre be not beneath the axis, nor that it be elevated much 


above it; laſtly, the length of the little arms are determined 


by practice, and by the wheels. | 


Cc problem 
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pendulum runs through a leſſer arch, and 
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Problem. VIII. 


To amend the Irregularity of all Clocks and Engins, mea- 
ſuring time otherwiſe than by the manner of Pendulums. 


I Know ſome have not been wanting, who are willing to a- 
J dopt Pendulums to watches, or portables Clocks, neverthe- 
leſs they laboured in vain ; for the ſmallneſs of the Watches, 
and the diverfity of their Scituations, with the continual agi- 
tation. of the pendulums, while they are carried about, cannot 
eaſily admit them to vibrate uniformly ; and although the pen- 
dulum may be ſo fitted, that being librated between many 
circles or rings, after the manner of a Sea Needle, it may al- 
ways obtain a perpendicular ſite; however the agitation of the 
whole watch will make the vibrations of the pendulum to run 
ſometimes in this, ſometimes in the other part, hindering their 
equality altogether, beſides that, the ſpace which the beam re- 
quires, is much greater than the magnitude of Watches will 
conveniently admit ; wherefore perchance more patly,the whole- 
watch with its pendulum-appled to it after one of the foreſaid 
prefcriptions, may be hung within 3 or 4. little circles, which 
may caſily be included in a Spherical caſe of the Watch. 
Since therefore the application of Pendulums. to theſe kind: 
of Watches, or other portable Engins, are either uſeleſs or al- 
together difficult, the illuſtrious Hugenius (for his new Inven- 
tion, now known to all the World) hath found out another. 
Way, which I could not paſs by in this place, it being very 
profitable and ingenious, therefore accept it as taken from Let- 
ters of the ſame Author. | | 
The Miſtery of the Invention conſiſts in a thin plate of met-. 

tal or ſpiral creſt, having faſtned to it at the lower end a Cats- 
gut String, or an Inſtrument of an equal weight, but greater 
and more ponderous than is wont, and movable of its own: 
accord to and fro upon its points; and the other end is faſt- 
ned to a little part or covert ſticking up above the upper part 
of the Clock, which being once vibrated to the tongue of the 
Ballance of the Clock, compreiles and releafes its ſpires one af- 
ter another, and drawing to it ſelf a little help coming from 
the wheels of the clock; maintains the motion of the Inſtru- 
ment or. Ballance ſo truly, that. although ir makes greater or. 


leſſer 
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leſſer digreſſions, its reciprocations nevertheleſs throughout are 
equal in time one to arfother. 

Fig. 134. In the figure of the former Clock the plane is 
AB, the circle of the Ballance, or compaſs about the tongue 
of the ballance C D, its axis or lance E F; the wing or ſpring 
curn'd into a ſpire G H M is faſtned to the ſpear of the bal- 
lance in M, and to the thin plate of mettal on the upper plane 
of the Clock in G, fo truly, that all the ſpires of the ſpring 
cleave to theſe two props hanged up in the air, ronching no- 
thing beneath: N OPQ. is a certain covering, or propping, 
in which the other point of the ballance is turned: RS is one 
of the toothed Wheels of the Clock, having a certain motion 
of the poifer impreſt on it from meeting with the next wheel, 
and this Wheel RS is folded into the Tympane T, made faſt 
o the axis or ſpear of the poiſer, whoſe motion is by this means 
as much maintain'd as there is occaſion. | 

This Invention of Hugenius may be ufed not only in Watch- 
es, and portable Clocks, but alſo in others which are put into 
motion by hung weights; and to which he adds, That a clock 
made by the foreſaid Artifice may be ſerviceable in finding 
the Longitude at Land and Sea, which I am not eafily indu- 
ced to believe, for neither is the inequallity of motion of Clocks 
more corrected by this Invention than by Pendulums, as you 
may eaſily underſtand by What is ſaid, nevertheleſs tis very 
uſeful, becauſe it may be fitted to portable Clocks, or Watches, 
which carmot fuffer a Penduſiiun . 
. 135. 1 obferve thar the Er of the ballance EF may 

agitate, And unleſs I am miſtaken, more beneficially by a Zone 
or double wheef with ſmooth. teeth, or Inde keys after that 
manner,” whereby a pendulum agitates in the fifth problem, ro 
wit, if the little keys C, D, G, H, Cc. By turns, or one after 
another, hit againſt the two little wings A and B, here and 
there fixt to the fame ſpear or lance; for ſince this ſpear ought 
to be much thicker and ſtronger than commonly they are wont 
in common Clocks, and more reſiſts tte impulſes of the wheel 
5 R, by reaſon of che ſpire G H erideavouring agaibſt ir, the 
poiling wheel commonly call'd Serpentine” is nor ſo uſeful, 
which is wont to agirare the common ſpear of the Ballance. 


* 1 : N 
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| HW problem. N. my Gal 
A Check that makes no Noiſe,. and Jer had” a Penialim: | 


Fig. 136. * will not be unpleaſant i in this place to deſcribe a 

kind of a Clock which we found in Father Mili- 
er's third Book of Statics, or art of Walen Prop, 59. Where 
he hath theſe things... 

This kind of Clock, or Watch, is moſt uſefull, becauſe no 
found of the Poiler is "heard, and therefore may be uſed in a 
Bed-room without fear of diſturbing ones reſt. _ 

The Lord Setale hath had many of this kind made, and 1 
Artifice was thus: The Clock conſiſts of 4 wheels, and one axis 
furniſh with little wings or Pinions. | 

The firſt wheel was furniſht with 96 Teeth, and diſpatcht 
half a circulation in an hour. 

The ſecond had in the axis 1 little Teeth, and in the cir- 
cumference of the wheel, it had 72 little Teeth, and it accom- 
pliſh 4 circulations in one hour. 

The third had 6 little teeth in the axis, and in the circumfe- 
rence 60 little teeth, and finiſhe 48 circulations in an hour. 

The fourth had 8 little Teeth in the axis, and in the circum- 
ference 80, and finiſhr 360 circulations in an hour. 

The axis furniſht with wings which is deſcribed in the Fi- 
gure e e, had 8 little teeth, and finiſht 3600 circulations in an 
hour, and ſince every circulation, made one compounded vi- 
bration, there was 3600 compounded vibrations, and 7200 
ſimple ones; one compounded vibration is equal to a ſecond. 
Minute, and a ſimple one to half a ſecond minute, the length 
of the pendulum was 9 inches. 

The whole Artifice conſiſts in the axis B C, and in the han- 
dle of the pendulum H I K, which may be turned about the 
point G, as about an axis, and the point K was ingrafted in 
the point 6 of the axis, furniſht with rings, Which axis while. 
it turns, inforces the arm K I, and draws it in by turns; which 
you may caſily conceive, if the arm K I be at right angles with 
the axis B C, and be ingrafted in the point 6; the reſt may bet- 


ter be conceived if the thing be Rut into Execution. than can 
be e in words. 


problem. 
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To determine the numler of Teeth and Wheels in Clocks 
which have Pendulums.. 


197 


1 practice ought not wholly to be neglected, which is 
moſt uſeful in directing Artificers, eſpecially ſincè it alſo 
contains a method of beginning, and reckoning the number 
of vibrations and circulations of wheels, which 1s very neceſ- 
ſury in the conſtruction of all other Engins. 

The foreſaid Author began theſe reckonings, together with: 
the foreſaid method in divers forms of Clocks, beginning from 
a Clock which conſiſted of two wheels only; for although ir. 
is difficult to fit that pendulum, nevertheleſs if it be accompliſht 
it will be very exact, ſince the meeting of many wheels induce 
always a greater inequality in motion. 

Fig. 137. In the firſt place therefore ( ſaith he) let there 
be two wheels, the firſt or lower of 120 teeth, which is ſup- 
poſed to finiſh two circulations in hour, wherefore ir will be 
equivalent to a wheel of 240 teeth : The ſecond wheel hath a. 
little wheel of 5 teeth, wherefore while they paſs through 5. 
of the teeth of the greater wheel, the ſecond finiſhes one cir- 
culation, therefore you muſt know how many times 5; is found 
in 240, Which you will know by Diviſion, and the quotient: 
will be 48, wherefore the ſecond wheel makes 48 circumvolu- 
tions in one hour: And it appears, that the ſecond wheel of 
35 teeth, each of which effects two ſingle vibrations, ſince it 
touches the poiſer twice; wherefore each circulation makes 
70 vibrations, multiply 70 by 48 and you will find 3360 ſingle 
vibrations in an hour, the Pendulum will be Feet 3+, and ſome- 
what more. 454 | rene Sar 

Fig. 138. I will propoſe another not unlike the precedent : - 
Let the 3 wheel have 120 teeth which will make two cir» 
culations in an hour, and therefore will be equivalent to a 
wheel of 240 teeth: The ſecond little wheel ſhall have 6 teeth, 
divide 240 by 6 and the quotient will be 40, the ſecond wheel 
then will be turn'd round 40 times in an hour, and ſhall have 
45 teeth; and becauſe, as I ſaid but now, each tooth touches 
the poiſer twice in each circulation, this number will be * 


* 
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led and will make 9o, which number multiply by 40, and 


5 
| you will have 3600 ſingle vibra:ions in an hour, that is, each 
| | ſingle vibration will be equal to a ſecond minute; the length of 
1 = Pendulum muſt be 3 feet 3 inches and +3 -of our Englith 
cet. | | 


4 Or if inſtead of the 6 teeth of the little wheel you put the 
| teeth of the little wheel 5, for then the ſecond wheel com- 
g pleats 48 circulations in an hour, and there will be 4320 vi- 

brations in an hour, the length of the Pendulm will be about 

iy two feet. 

4 In the like manner, if there be given the firſt wheel making 
1 two Circulations in an hour, and of 150 teeth ; the ſecond 
* wheel, or that which encounters with it, ſhall 

Fig. 139. have a little wheel of 5 teeth: Wherefore the di- 

viſion being made of 300 teeth (which are in wo 

circulations ) by 5, it will make 60 circulations : Suppoſe 60 
teeth in the ſecond wheel, that is, 120 vibrations in each cir- 

| culation, it will make the number 7200, and the Pendulum 
about 9 inches, that is, each ſingle vibration will be equiva- 

lent to half a ſecond minute. e t DO} DSf6q 

The ſame things being obſerved, except that the firft wheel 

4 compleats only one circulation in an hour, you will have the 

| number of vibrations 360, and tlie Pendulum will be 3 feet, 

Nl that is, each vibration will be equal to one ſecond minute. 

Which Examples I have put only, becauſe you may learn 

14 the method of finding out other numbers, which ſhalt ſeem 


A Clock with three Wheels, © 


1 
4 « N 


Tou can ſcarcely make Clocks with Pendulums Which ſhal 
have only two wheels, unleſs yon make the Wheels very 
great; and abundance of teeth : Wherefore the greater are 
commonly made of three Wheels, and the leſſer of four: Fall 
ec.exhibjit in this place fome numbers: A Geck Hatch 
Fg. 140. 3 wheek, the firſt of which hath 1 T2 teeth, and 
tdtuße fecond Hrtle wheel 7, the fecond heel hath 
o, the little wheel, or axis of the third wheel hath 8 teeth, 
the meeting wheel 15, you will have the number of Vibrations 
thus, Divide £12, the rumber of teeth of the firſt (Which in 
each frottr is once” rurn'd about) by 7, to wit, the axis ef the 
 frecord; and you will md the fecond to be turm d abort 16. 
times; and the ſecond hath 60 teeth, wherefore multiply s 
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by 60 and you will find 960, therefore it paſſes over 9g teeth of 
the ſecond in an hour, which number you muſt divide by 8, the 
axis of the third, and you will find the third to make 120 cir- 
cumvolutions, and it hath 15 teeth which make 30 ſingle vi- 
brations, multiply 30 by 120 you will have 3500 ſingle vibra- 
tions, and each equivalent to a ſecond minute, the length of 
the Pendulum mult be about three feet. : 

The ſame is better done by other numbers: Let the firſt have 
96 teeth, the axis of the ſecond 6, the ſccond 45, the axis of the 
third 6, the third 15, and this lengih of 3 feet is beſt for. 
great Clocks. 

The 3 following numbers give the number 7200 vibrati- _. 
ons in an hour, that is, 2 vibrations in one fecond minute, to 
wit, the going and returning, and the length of the pendulum 
. | A 
: ; Vibrations 7200 3 Vibrations _ a 5 

rder of, Circumvo- Teeth of jj Circum- |Teeth ot ated Fora 8 . 
wheels. | lutions. | Wheels. volutions wheels. Volutions wheels. 1 
— | 144 | 25 | 144 | 25 || 144 | 25 

EH 5 FR 5 5 


— FIF4 * 
1 


o 


. 
"AAS | ES ] 75 | 5 I | | 7”. 1-4 3 in 
eng of Pendulum ꝗ inches. Pend. 9 inches. Pend. 9 inches 


* 
— 
6 


In the ſucceeding Table the numbers deſcribed give the Vibra- HE 
tions 7600 and 10000, with the Length of the Pendulum 
8 inches and 4 inches and 3. | ; OY 


y 


— 


„ UU 7. Vitrations Te60es. | 
jorder of | Circumvo | Teeth | Circum-| Teeth | | Cireum- : Teeth, Cir./Teq N 
Wheels. lutions. | volution |jvolution . | 
. — ———— — — | — — — — 
3 200 19 200 | 19 .de 
" , +> , * . IF 2 2 > 
RY Toe Re 20 | 50 20 50 | 20. 50 
5 . 6 6 ; bY i i 5 4 v1 et 
DDP ATT TENTH YN 
1 4 ö 1 12 * 80 — £2.43 3 . — 80. 1 | 1 15 #1 


Length of Pendulum 8; inches. Pend. 8 inches. Pend, 4 inches 7 Sp £2 
ks The- 
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Ihe following Numbers are for a Clock, which. makes 10800 

Vibrations in an hour, or 3 in one ſecond minute, the length 

of the Pendulum 4 inches and 5, and others alſo, as may be 
ſeen in the ſo lowing Table. 


10300| odo 1449 || 11400 |} 11400 ' 10944 || 9600 | 
L1G 25 216 |25 1283 25 30 191300 rs 288 '2 320 
5 5 Bet | | | | 5 
12 28 io 860284 50] 30 so 25 600[ 24 60 264 
50 6 5 5 6 6 
N 14 E21 2 [72 EY [>| _2 Fol 2 2411 2 


The following Numbers are for a Clock with 4 Wheels. the 
number of Vibrations in an hour are 10800, to wit, 3 Vibra- 
tions anſwer one ſecond minute, the length of the Pendutum 
is about 4 inches 3. 


— 


— peg I 10300 || 10800 10800 | 
| 350 | I5 360 | 15 3660 15 ||: 360 T 
6o | 36 || 6 | 3o || 6 | 36 || 6 | 36 | 
6 ||. 6 FOR as 
itch — 
74 | 48 || 9 4 118 | 48-11:9 45 
8 6 REED, 7 
ae en 4 5555 | ber © 56 | 
. Eine | Lee 


Theſe Tables were made by the foreſaid Author, wherein 
the Printer had committed ſome Errors which we have amen- 
.ded, that they may be uſcful to Artificers. 
If in the laſt Table you take the numbers propoſed, chang- 
Ang only the number 15 of teeth of the upper wheel, and in 
its place uſing a wheel of 20 teeth, you will have a Clock 


which 4 
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which will compleat 14400 Vibrations in an hour, to wit, 4 
in one ſecond minute, and the length of the pendulum will be 
Inches 2 4; nevertheleſs becauſe many Artificers will have the 
meeting wheel to have an odd number of teeth, they obſerve 
the precedent numbers, to wit, ſo that only the laſt wheel but 
one which finiſhes 60 circulations in an hour hath 48 teeth ir- 
ſtead of 36 teeth, and makes the ſame number of Vibr:- 
tions 14400. fe" Py 
Wheels are divided many other ways, and the Clocks are 
commonly furniſht with Pendulums ; ſome are fo diſpoſed, 
that the ſerpentine, or encountring Wheel, is turn'd round co 
times in an hour, and is furniſht with 6o teeth, and finiſhes tu o 
vibrations in one ſecond minute; or hath zo teeth, and fi i- 
ſhes one vibration in a minute, then the number of the teeih 
themſelves inſcribe the minutes which appear conſpicuous 
through a round hole, or through a little opening made in 
the front of the Clock. N ö 


Problem. XI. 


Zo correct perfectly the inequality of motion of Clocks, or other 
Engins that meaſure time, having Pendulums, by apply- 
ing a double Pendulum, and by Cycloides. 166 


\ Lthough a Pendulum applied to a Clock (as we have 

ſaid ) effects this, that if the impulſive cauſe of motion 
of the wheels be too ſwift, or too flow, its vibrations tempers 
it, each of which when they meafure a determinate time, ei- 
ther they agree to the too much celerity of the wheels, or 
they ſtir up and excite their heavineſs and dulneſs, whence for 
the moſt part the irregularity is taken away; notwithſtanding 
becauſe while the Pendulum reſiſts the unequal impulſes of 
the wheels, their vibrations muſt needs contract ſome irregu- 
larity to themſelves, ſo that ſome make their excurſions thro 
greater and others thro” leſſer arches ; and it appears by What 
has been ſaid, that thoſe Pendulums finiſh their arches in ſhor- 
ter time which make the leaſt arches, and thoſe in longer 
which make greater or larger arches: Hence tis, that by ap- 
plication of a Pendulum all the Ii regularity is rot wholly cor- 
rected, unleſs the Clock be ſo fitted that the vibrations be tru- 
ly regular and uniform. 3 F . 
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And this irregularity of Vibrations may proceed from a 
threefold head; the firſt is, the various temper of the air thro 
which the globe paſſes, for if it be thick it reſiſts. mare, if hea- 
vier, the motion is not only conſequently hindred by the grea- 
ter denſity, but alſo the weight of the globe is rendred leſs 

ponderous, that therefore they have leſs ſtrength to cut the 

air, and ir renders. the motion of the wheels and the Imperus 
more faint and weak. The ſecond is, the impulſive force of 
the wheels, or other power, continuing the vibrations, which 
if it be irregular, induces in like manner at leaſt ſome, if not 
all, the Irregularity in the vibrations, and theſe two heads may 
be referred ro outward cauſes. The third is from within, or 
from the nature of the vibrations themfelves, which are, as. 
we have faid, that if a globe fall by its own weight, in ſwing- 
ing it will make many vibrations, yet they will not all be of a. 
like continuance. | 

The irregularity of Vibrations which proceed from the firſt 
head may wholly be taken away, if the Clock with the Pen- 
dulum be included in a caſe of glaſs, or ſuch like receptacle, 
wholly unpaſſable to the air (which how to perform we ſhall 
ſhew hereafter ) wherefore it remains that we ſpeak to the 
two other. WH 

To the Trregularity of the third head, which is as it were 
inbred in the ſimple vibrations themſelves, a remedy ſeems to 
be found by the induſtrious. Hugenius by the following inge- 
nious practice, the whole Art conſiſts in a double arch of the 
figure of a Cycloid, within which the Pendulum agitates. 
Fig. 141. Let the Pendulum be A B, which is agitated to- 
and fro by indifferent arches B C, B D of 20 degrees, and let 
this Pendulum hang by a thred or ſmall cord A E of one inch 
more or lets, according to the length of the Pendulum, whoſe 
remaining part E B muſt be ſtiff ; diſpoſe here and there near 
the centre A two. bowed thin plates of mettal AG H and A FI, 
o that they touch the lines AD, AC, in the points F and G, 
and the Curvity ought to have the figure ofa Cycloid; ſo it wil 
come to pals that if the Ppendulum make greater vibrations, and. 
runs out beyound the lines A C. A D, it will touch the Cycloid 
in the points F and G, and its length will not any longer be AD 
but F D, and fo. M hen the Pendulum is made ſhorter, its vi- 
brat ion continues leſs time: But why the Author choſe rather 
che figure of a Cycloid chan another Curve doth not ſufficient- 


ly 


—— 
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ly appear, nor doth his Demonſtration ſeem to be lawful, 
whereby he pretends to ſhew by this Cycloid that the length 
of the Pendulum is made leſſer and leſſer ſucceſſively, while 
ir hits againſt the thred A E, and that that leſſer length preciſe- 
ly compenſates the greater length of time of the vibratiors 
which are made by the greater arc he. 
The manner of deſcribing the Cycloid,according to the Au- 
thor, is two fold: Firſt, deſcribe a Circle whoſe diameter A B 
is equal to half the length of the given Pendulum ; take in the 
circumference any number of equal parts both ways from the 
diameter as AC, CD, DE, EF, and AG, GH, HI, I K, and 
Join the parallel lines CG, D H, E I, F K, then make the right 
line LM equal to the Curve or arch A D F, and divide it in- 
to as many equal parts as there are in the arch, to wit, into 4 
parts, one of theſe parts of the line L M transfer from C to N, 
and the ſame transfer from G to O; moreover two of theſe 
parts L M transfer from D in P, and from H-in Q; likewiſe 
three of them from E in R, and from I in 8: Laſtly, all four 
from F in T, and from K in V, and by the points A, O, Q, 
8, V draw a line, and alſo by the points A, N, P, R, T, an 
they will be portions of a Cycloid, between which the Pendu- 
lum muſt be hung from the Centre A; the right line L M 


which is to be equal to the arch A D E, he teaches to find in 


this manner: Make X Z equal to two chords, ſubtending the 
arches AD, D F, then take X Y equal to the Chord A F, of the 
whole arch A D E, take the third part of the difference Y Z, 


that is Z A, and add it to X Z, and X A will be a right line e- 


qual to the arch. 


The ſecond way i 
Ruler A B half an inch in thickneſs, make alſo a little wheel or 


cylinder of the ſame thinkneſs CD E H, whoſe Diameter make 


equal to half the length of the pendulum; then a thred or ſtrir g 
FCH E being faſtned in the point F of the rule, and in ſome 
point E of the Cylinder, ſo that part of it be wound about the 


Cylinder, and the other part extended on the ſide of the rule 


FC; in the ſame Cylinder fix an iron ſtile DI, which ſhall 


deſcend a little below the lower baſe, and exactly correſpond 
to the circumference of the Cylinder; theſe things thus diſ- 


poſed, if the Cylinder turn about on the fide B A, towards A, 
ſo that the ſtring be always wholly ſtrecht, the ſtile with its 


point I, will deſcribe the cycloid line I K, and in the fame 
— 1 1 man- 


s Mechanically ; on a plain Table, place a 
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manner, you may deſcribe another like and oppoſit unto it, 
and you will have the figure M K I, which repreſents the ſpace 
between the two crooked pieces of thin mettal, between which 
the pendulum ought to agitate, ſo as to make all its vibrations 

in equal times. | 116105 
Another late invention of Mathe Campanes conſiſts altoge- 
ther like to a double Ppendalum, which is ſo fitted to the Clock, 
that one of them moves and makes a certain number of vibra- 
tions, the other reſting, and by turns while the firſt reſteth the 
other finiſhes the ſame number of vibrations; and in this man- 
ner, *tis agitated by one after tother, that as ſoon as one reſt- 
eth, the other begins to move; for if a pendulum of its own 
accord and proper weight falling from ſome certain height of 
its arch, make 100 vibrations in the ſpace of one minute of an 
hour; tis certain that another exactly like the former will e- 
fect the ſame number of vibrations in the ſame ſpace of time, 
provided it fall of it ſelf from the ſame height; to wit, the im- 
pediment being removed in the ſame manner which detain'd 
the pendulum from falling from that Altitude; wherefore if 
two pendulums are fo fitted in a Clock, that they are both e- 
very where alike, and falling from an equal height finiſh 100 
vibrations in one minute, they will move one after another, 
nor will one begin to move until the other has finiſht 100 vi- 
brations, and no irregularity can intervene in the meaſure of 
motion, fince each compleats 100 vibrations in one minute 
preciſely. 5 ied; We | 
And the Clock may be ſo diſpoſed, that while one pendu- 
lum makes its vibrations, the other pendulum not only reſts, 
but neither any of its wheels of the Clock are moved, beſides 
ſome one deſigned for the purpoſè, that as ſoon as the other 
hath made 100 or 60 vibrations, it removes the impediment 
which detain'd both the pendulum and the Clock, and detains 
the pendulum firſt in agitation to reſt at the ſame inſtant that the 
other together with the (lock begins to move; then again, 
the Clock with the pendulum reſteth the impediment being re- 

moved from the motion of the other pendulum. | 

This may be done many ways, as any one inſtructed and 
exerciſed in Mechanicks may eaſily underftand ; the Author 
ſhews one way, which becauſe he hath not ſufficiently explain- 
ed it, tis in vain to deſcribe it here. Oo att cl 360 1 
And although I think tus kind of Clock furniſht 9 
© 8 
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double pendulum to be moſt exact, and ſcarcely to err one 
minute in an whole day, that is, in 24 hours, if it be well kept 
in ſome Chamber, and be placed in an unmoveable ſite ; yet if 
you make uſe of it in Navigation to find the Geographical 
Longitude, I cannot eſteem it wholly to ſatisſie what is deſired, 
for two Reaſons ; firſt, becauſe it can ſcarce be in' the agitation 


of a great ſhip, but the whole Clock muſt conceive ſome mo- 


tion, or at leaſt a light ſhaking or trembling in it ſelf, although 
ir be artificially fixt on movable poles, or hangs on movable 


circles; from which trembling or ſhaking, the vibrations of 


* 


* 


the pendulums muſt needs ſuffer ſome irregularity. _ 

The fecond reaſon common to all kind of pendulums is, 
becauſe while the pendulum is moved together with the ſhip, 
it makes not a circular motion, but another motion mixt of a 
circular and a right; yea, if the ſhip beſides an Horizontal 
motion be agitated by other morions, chiefly upwards and 
downwards, as happens many times in at unquiet Sea, the mo- 
tion of the Pendulum will be mixt of a Circuler, Horizontal, 
and of other motions both right and crooked, nor at any time 
uniform, from whence it comes to paſs, that while the centre 
of the pendulum is irregularly moved, its vibrations will be 


irregular; and it will run through ſome times greater and 


ſome times leſſer arches, or rather crooked lines, and altoge- 
ther unlike between themſelves, as we have ſhewn befoxe. 


Problem. XII. 


* x 


To reduce the continual moving, and irregular Powers uf 


| Clocks and Engins, to a regular and uniform motion. 


Ince in the preceeding Problem we have taught ways and 


ſeems now to be wanting, unleſs tis to ſhew how to obtain a 


motion equal and uniform in powers infinite or continul, ' 
which otherwiſe of their own nature are irregular ; which, if 
and altogether 


it be done, we ſhall attain to a motion continual, and hi 
equal; nevertheleſs I do not mean that continual motion which 


is altogether mechanical, or purely artificial of which in its place) 

but the other which is called Phy/ice-Mechanic,becaule that it part- 

ly conſiſts of Art, and partly of Nature; for ſince no moving 
. 


d 3 power 


means whereby the finite and irregular motions of Powers 
may practically be reduced to equality of motion, nothing 
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206 Mechanick Powers. Book IX; 
power ſeems to be continual or perpetual, unleſs it be natural, 
or depends immediately on a natural cauſe, as we ſhall manifeſt 
hereafter, and theſe kind of natural powers or virtues in nature 
keep not always an equal order; it is requiſite to find out an art 
whereby we may effect that their force, although unequal, may 
nevertheleſs be ſerviceable to the perpetuating of a motion e- 
qual, and altogether uniform. | 
Therefore I call all choſe perpetual moving powers, or na- 
tural and irregular, ro which we are apt either immediately 
or mediately to apply new weights, or regular powers, within 
ſome finite and determinate time ſuccellively, and always to 
the Engin being once made. 5 Heres 
And all the induſtry and art which is to uſed in this matter, 
may eaſily be gathered from what we have ſaid in Problem the 
5th, for if we ſuppoſe a Clock to be made, whoſe motion 
according to the rules preſcribed juſt before is abſolutely uni- 
form, and it ſhonld go ſo for eight days by ſome weighthanged 
to the lower wheel, that in that ſpace of time, it ſhall want 
no help, if then within that ſame time of 8 days an infinite 
power, or a perpetual natural one be artifically applied, that 
ſhall be fit to raiſe another weight equal to the former, and to 
depoſit ic in the place of the former, ſo that forthwith the 
weight of the Clock likewiſe ſhall deſcend to the bottom, and 
be placed in the ſubjected channel, the Clock will be moved 
again by that new advanced weight, according to the artifice 
in Problem the 5th. aforeſaid, and that will alſo keep it going 
8 days, it is plain that the motion of the Clock will be equal 
add perpetul. en eee 
But Note, that you muſt uſe two weights at leaſt, one where- 
of muſt be hung to the Clock, while its regular motion moves 
forward, the other by an irregular power ( ſuppoſe Wind, 
Rain, Heat, Drought, &c. ) is ſubſtituted in its place, before 
that hath diſcharged; its: ofhee;s e ud mio Rog vent. 
_ Moreover theſe two weights ought to be Spherical,that one 
may eaſily ſucceed the other, the devolution being made by a 
channel, or plane, ſomewhat declining, as in the ſame 5th: pro- 
blem is ſhewn. _ G3 7: 20 | 
Laſtly, tis convenient that the motion of the Clock be long 
enough, and laſting, before the weight deſcend to the loweſt 
placo for this reaſon, that the natural powers may ſerve turn a 
lufficient time in the interim, that the other weight that comes 


0 
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in place of the former be drawn up; for although the fore- 
ſaid power be perpetual, yet it acts not always, or at leaſt ſo 
little ſometimes, that although at ſome times it be more ſtrong, 
oft· times nevertheleſs a time may be ex ected for ſome hours, 
or alſo days, wherein force convenient may be attained by the 
ſucceſſive and irregular ſeries of natural cauſes; that you may 
more clearly underſtand what is meant when we ſpeak of per- 
petual motion, for then we deſcribe various perpetual motions 
 Phyſico- Mechanic, from whence it appears of what uſe 'na- 
rural powers are, and by what art they are applied, chat their 
force although irregular may notwithſtanding perpetuate a re- 
gular motion to any Engin; I will offer only one Example in 
this place, by which you may eaſily judge of the reſt. "Tis 
already known to Artificers, that by ſmall Breaths, or from the 
fmoak of a Kitchin Fire, ſpits are wont to be turn'd, that is to 
ſay, diſpoſe in the centre of the Chimny ( which if it be Cy- 
lindrical it will be the better) a crofs, or fome wheel, furniſht 
with wings made of Tin, in the ſame or like form as is. betore 
deſcribed, for ſo while thoſe wings hit obliquely againſt the 
Smoak, they carry the wheel about, and if there be in the axis 
a toothed Tympane, it conveys that together with it ſelf, by 
which means it moves other wheels annext to it; a weight 
fomewhat Sphærical put into a little Basket, may be raiſed to 
a certain height, and there put down according as we have 
ſaid at Problem gth. And to raiſe this weight which is fit to 
animate the Clock in motion 24 hours, it will not be needfub 
that wood be always put on the fire, but a. fire a few hours 
will be ſufficient each day, if the Clock which is to animate by 
the weight raiſed by the Smoak, be proportioned. to that weight. 
Wheretore in this, and any other like artifce, firſt you muſt 
examine how much weight may conveniently be raifed. by # 
natural power in a limitted time to a perfixt height, and then 
make the Clock or Engin proportioned to ſuch weight. 
What we have {aid concerning Smoak, may take place in 
Wind blowing, and Wings impelling, which will raiſe weight 
by annexing wheels, alſo if any one in a City, or the Gate of 
an Houſe, diſpoſe a threſhold, or little Bridge, with an occult 
leaver, or a fpring of thin mettal plate a little elevated, ſo that 
by the entring or going forth of Men, of Horſes, and of Cha- 
riots, a weight may be depreſſed oft-rimes in a day, from each 
force a weight of ſome bigneſs may be raiſed a little, and ſo 
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by repeated motions may be drawn to a deſigned height for 
the perpetual animating of any Engin. © 


Problem. XIII. 


A Clock animated, or going by Sand, perſevering in motion 
many days, and ſhewing the Hours, and alſo Striking. 


1 A ter the application of weights, or moving powers, we 
come to thoſe Engins, or meaſurers of time, in which 
the Circular motion is moſt apparent, and ſince there are many 
Hour-glaſſes that belong to perpendicular motion, or to an in- 
clined plane, it remains for the perfecting of them, that we 
ſhew how (approaching to circular motion) it maybe effect- 
ed that they may turn themſelves by motion of their own ac- 
cord after the flowing or running of the Sand, and that not 
once, but many times one after another, that therefore we 
may not only be freed from the inconveniency of attending 
the laſt flux of the Sand, While we are converſant in any other 
buſineſs, but alſo that it may not want any help of the hands 
for ſeveral days, and each turning about may ſucceſſively ſhew 
the Hours, or likewiſe Strike: Mark what follows. 
_ Fig. 143. Suppoſe A B an Hour-glaſs with Sand, ſuch as is 
commonly uſed, in the middle whereof fix a tranſverſe axis G 
H, and in an Horizontal ſite, and to the ſame axis let there be 
firmly fitted two Pullies, or rather Cylinders here and there, 
movable with the axis by means of weights Qand R hang- 
ing from them; above the Hour-glaſs make another Horizon- 
tal axis I K, movable about the poles I K, ro whoſe fide annex 
an immovable arm L M,with a weight M affixt to its end; and 
-in the middle in like manner, let another little arm N O para- 
lell to the former deſcend, which may be detain'd in its ex- 
tream part O, or rather elevated together with the weight M, 
by a little wing ſtanding out from the upper baſe of the Sand, 
ſo that being hindred by the weight M, the Sand cannot be 
wholly turned by the weights Q and R, notwithſtanding it will 
remain in a ſite not altogether perpendicular, but ſomewhat 
: inclined ; and the weight M muſt be fo proportioned to the 
weight of the Clock, and alſo ro the weights Q and R, that it 
may be detain'd in the ſaid inclined fire, untill all the ſand be 
' deſcended from the upper glaſs A into the lower one B, and 
when all the Sand is run into the lower glaſs B, it will obtain 
| greater 


* 
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reater weight, that therefore while the Sand endeavours to 

be placed in a perpendicular ſite, or in the line of direction, 
the weight M will riſe higher, and at once will free the little 
wing O from the little arm N O, from whence follows the 
turning of the Hour-glaſs by means of the weights QR, and 
the lower part B will be placed in the upper part, and will be 
detained by the little arm N O, by means of the little flap or 
wing P, untill the Sand is again run out; for then it will a- 
gain be turned as before, and ſo ſucceſſively until the weights 
Q and R are quite deſcended; but becauſe the little Cylinders 
C E, on which the ropes ſuſtaining, the weights Q R are 
turn'd about, may be of a {mall bigneſs, and becauſe after eve- 
ry hour they make but half a revolution, it appears that the 
morion of the Clock and the turnings may be extended to ma- 
ny hours. g's 

But if you would fit an index to ſhew the hours, that you 
may eaſily obtain by means of two little teeth, fixt on the end 
G of the axis G H and oppoſite to each other, which ſucceſ- 
ſively and by turns one after another, every turning of the 
Hour-glaſs will move forward the wheel G T, furniſht with fo 
many teeth as there are hours deſcribed in the circle, which 
may. be noted by a ſtanding index fixt in the centre of the 
ſame wheel; but if in like manner you affix an hour wheel in a 
convenient place to the ſame Engin, which may be moved for- 
ward by means of ſome roothed Tympane, or wheel, by the 
ſame axis, you may Cauſe the number of hours to be heard by 
ſtriking on a Bell. | e 

Many other ways the index may be fitted to the ſame En- 
gin, and the ſtriking of the hours may be made, as will appear 
by what we ſhall ſhew hereafter, when we ſhall treat of the in- 
dexes of Clocks, and their ſtriking. 


4 Clock moving by the Conſumption of Oyl in a Lamp. 


Fig. 144. Ake a Lamp whoſe part A B entertaining the 

* my M Oyl, is like a N or Cylindrical, ſhut cloſe 
every where, except in its loweſt part C, where the Oyl enters 
{lowly through a little opening into a veſſel annext C L, while 
the other Oyl is conſumed by * flame L ; in the foremoſt par 


3 * 

210 Aſechanick Powers. Book IX. 
N make a certain channel, and ſolder or glue it to the fore. 
ſaid Cylinder, within which on the upper part make a ſecret 
or hidden pulley I, with an axis E F, preſenting or conveying 
on the outward viſible face the index of the hours deſcribed in 
the iet G& FL... | 3 
FTheſe things being done, put Oyl into the Lamp, or Cylin- 
der A B, upon which let a cube D of light matter ( as Cork, or 
Wood) ſwim, and to this you muſt faſten a thred, or cat. gut 
D CGIM, viz. that it may deſcend from the upper ſuperficics 
of the Oyl to C, and being put about the little pullies CC, it 
may aſcend to I, and be folded about that pulley; and laſtly, let 
the other end M ſuſtain a weight, yet of leſs gravity than to 
draw downwards the cube D, which muſt always Swim up- 
on the Oyl, and while the Oyl conſumes, it deſcends with 
the Oyl, and draws the thred, or Cat-gut, with the weight M, 
and rurns the pulley I, rogether with the hour Index. 

Note, That the magnitude of the little pulley I, muſt be pro- 
portionate with the deſcent of the Oyl, and of the cube D; 
wherefore we muſt obſerve how much the cube deſcends in 
one hour, to the end that the little pulley moving, the index 
I may be moved orderly. 

Moreover the receiver muſt be uniform, and of one thick- 
neſs, and muſt make uſe of the ſame number of threds that the 
Oyl may be conſumed uniformly, and the Lamp may be fill'd 
with Oyl, either by a little door, or wicker, beneath C, or by 
ſome hole in the upper baſe of the Cylinder A, which after- 
wards maſt be diligently fenced from the Air entring in with 
a Screw. | RT 

If the axis of the little pulley I be ſo fitted within the Cy- 
linder A B, that its end F ſtick out on the our-ſtde by a hole 
made in the fame Cylinder, and turn about the Index, you will 
obtain the ſame effet without the channel on the exterior part 
I N, which is made to Cauſe the artifice to ſeem occult and mi- 
ſterious; but that hole muſt be ſo fitted to the movable axis with- 
in it E F, that there appear no admittance for air into the Cy- 
linder A B, for if there be, the Oyl will wholly deſcend, and 


id . 


be poured out without the veſſel C LL. 
Allo the index of the hours may be made in the upper baſe 
A, of the Cylinder to fit, fo that the baſe it ſelf be for the 
hour Circle, which may eafily be obtutncd many Ways, as Will 
appear to any induſtrious Artificer, „ 
; ag Laſtly, 


o 
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Laſtly, Beſides the circle and the hour index, there may be ap- 
plied a toothed wheel, by whoſe means the hours may ſtrike; 
and if to make it more ingeniouſly, you would place a little 
Bell within the Lamp to give notice of the hours, you muſt 
folder or glue an open tube ſpirally to both ends of the in- 
ward ſuperficies of a concave Cylinder, deſcending about the 
Cylinder; and through this tube, or channel, deſcends the Oyl 
while it waſts by degrees, and a globe of light matter ſwim- 
ming on the Oyl within the tube; then all things being ſo fit- 
ted, that in each hour the motion of the Globe in deſcending, 
finiſhes one whole ſpire, and then it hits againſt a peſtle, or 
{ome flap, or wing, which looſes the movable wheel from the 
weight, as is wont to be done in common Clocks with wheels, 
ſo after the finiſhing of each ſpace of the ſpires, the Globe 
unlooſing the ſame wheel, cauſes new ſtroaks of the hours on 


the Bell. | 
Problem. XV. * 


Zo make a pulley Clock, or a Click of meer pullies without 
any toothed wheels, : | 


; 


Fig. 145. T His artifice is propofed by Father Schottus, lib. 9. 
by e T Tecnic. Cap. 12 Prop. 47. Let there be (ſays he ) | 
a little pulley A B about its axis, or alſo with a movable axis, 
to this Join the perpendicular M N P, by the artifice in Pro- 
blem the zd, and that by means of a little rod M A; from the 
little pulley. A B, ſuſpend the pulley C D, by means of a per- 
petual knotty little chord, whether thofe knots be made of 
firm litcle balls diſpoſed or fixt to the rope, or knots made by 
bending the chord it ſelf, and cavities or hollowings of equal 
ſpace from one another, to anſwer theſe knots in each pulley.. 
A B and CD; the pulley C D hath in its axis a little pulley E 
F made faſt, from whence is ſuſpended in the ſame plain man- 
ner the pulley GH; and ſo henceforward the pulleys may 
be continued as many as are needfull; from the lower pulley, 
vito the little pulley I K, of the pulley G H, hang the weight 
L, ſufficient for the motion of the pullies, and of the perpen- 
dicular; all the axes of the hanging pullies muſt be moved not 
within a firm hole, but within a certain ſlit, or notch, cut from 
the top to the bottom, — thoſe perpetual chords = * 
3 * E 2 | he 
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the knots are contracted, or diſtended, the axes of the pullies 
may be raiſed, or depreſſed; the reſt that belongs hereto, as the 
proportions of the pullies to each other, are eaſily underſtood. 
from what is ſaid before, all thoſe pullies being agitated by 
the force of the weight L, will be moved circularly, and the 
perpendicular N p, freely moving in its centre or point of ſuſpen- 
fion, will be agitated by the little pulley A B, and the little 
rod A M: See the problem before cited, and the other ways of 
applying pendulums to Clocks before deſcribed. 

According to the Author, the Pullies muſt be ſo diſpoſed: 
that their axes. move within the ſlit, or notch, and that cauſes. 
the Engin to work ill, for when the axes gravitate unequal- 
ly from the other Pullies, or from the weight L hung to the 
Pullies, they are crooked: or awry, and do not retain an hori- 
zontal. fire as they ought ; wherefore the axes ſhould rather: 
be put into firm holes, and left the chords be ſhrunk or ſtretch- 
ed by wet, or drought, they may be wove of metallic threds, 
or wyres*; but if you uſe common chords the axes muſt be 
put into ſlits, and not into holes, but the pulley ropes ought. 
to be doubled, and the weight hung to the lower little pul- 
ley, to Wit, to the axis of the pulley C D, another little pul- 
ley equal to EF muſt be fixt, and you muſt anſwer the —— 
in the oppoſite face of the pulley ; which little pulley in like 
manner with another perpetual chord. muſt ſuſtain the ſame 
pulley G H, or rather another altogether like it, and annext. 
to it: Laſtly, another ſmall pulley like ro I K muſt anſwer on 
the oppoſite face ; then the weight L. will be parted in the: 
middle, and will be ſuſtain'd partly by the little pulley LK, 
and partly by the other oppoſite, 


Problem. "XVI. 


To renter the motion of a Pendulum. continual for many hoars,. 
or alſo whole days. 


Any Artitices have been invented in the laſt. years of this 

Age, and various ways thought on of rendring or ef- 
icctiug the motion of Fendulums continual, that they may 

pertevere for many hours or days with the fame perpetual ve- 

locity ; from hence alto this ad vantage follows, that all the 

vibrations arc made in equal times ; ſome of theſe kinds of 
1115 1 . Artifices 
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Artifices J ſhall deſcribe in this place, which ſeem to me moſt 
meet for the purpoſe, for any one of his own ingenuity may 
take occaſion to think of others: | 

Fig. 145. Firſt then, let the Pendulum be A B, to which at 
right Angles join the little arm A C, and Jet the upper wheel, 
or toothed: Cylinder be D E, which being turn'd. about draws 
with it another little arm D C, made faſt in the baſe of its Cy- 
linder near the circumference being round in the middle, and 
with a ſmooth pin, ſo that the little arm may be freely mo- 
ved about this pin, and conſequently while *ris turn'd about 
the Cylinder, or wheel D, the little arm D C may be depreſs'd, 
or bore down, which conjoin in C with another little arm, 
and the angle C being inlarged will ſuddainly cauſe the lance 
of the Pendulum A B to be lifted up, which is join'd in A to 
the wood I L from whence being ſuſpended tis detain'd, but 
nevertheleſs it freely turns about the ſmooth. pin A faſtned to 
the wood ; then fome ſufficient -weight being added to the: 
lower wheel G, from this motion follows the motion of the 
wheel above it FE, and this being in the middle (as it is wont 
to be in Clocks) turns about the uppermoſt wheel E D, which, 
drawing with it the little arm of the pendulum, the ſame im- 
prints a motion to the pendulum, as long as there is new 
rope which ſuſtains the weight annext to the wheel beneath, 
or loweſt wheel. . 

Note, inſtead of the Cylinder, or little wheel D E, you may 
fit a toothed Cylinder having a crooked handle, which will. 
lay hold on, and turn about the little arm D C, ſuch as is the 
Cylinder M. [EE 1510 

Note alſo, by how much leſſer the proportion of the diame- 
ter of the little wheel D ſhall be to the arm A C, fo much leſ- 
ſer will the arches be that are deſcribed by the motion of the. 
pendulum A B. 41 Fd IC 
Fig. 147. In the ſecond place let the pendulum! A B. be 

movably fixt in A, in its lance faſten the arm M G, which may 
eaſily run ſometimes into this, ſometimes into that part, and 
ſuſtain it parallel to the horizon; from the middle part of the 
{ame arm M G ſtretch out wood or iron like a little fork, or 
two teeth, made hollow, ſticking out as at L, which in its ca- 
vity or Cleft. admits the pulley. E F, immovable and in an ob- 
lique ſite put into the axis C D ; let this kind. of axis be fur- 
niſht with a. toothed. Cylinder, which will. be turn'd about 5 
| . mme 
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the wheel N, by means of the weight P being added to it, or 
by means of other wheels, as you pleaſe: The Engin being 
diſpoſed in this manner, while the axis I H is turn'd about of 
the lower wheel ; in like manner the middle axis C D is 
turn'd about by the toothed Cylinder, and with it the little 


pulley E F, which ſince it obtains an oblique ſite, it Cauſes the 


arm GM, into which it is put to run to and fro, and moves 
the pendulum AB. 9 
Fig. 148. Thirdly, Suppoſe the pendulum D B, hanging 
from the arm A C, immovably fixt in C, and let the lance of 
the pendulum be ſtretcht out ſome what above the point A, 
from whence 'tis ſuſpended, to wit, in D; then fit the axis 
E F, ſuſtain'd in the middle by the arm F, to which join the 
toothed Cylinder L, and let this axis be ſtretched out through 
the hole of the arm F towards A. Laſtly, in the extream part 
Of it near A, let it be furniſhr with a concave Cylinder, and 
being cut oblique, ſo that the ſection G D make an Elliptic fi- 
gure; the Point A from whence the lance of the pendulum is 
ſuſpended, muſt be in the ſame horizontal right line with the 
axis E F, and with the arm A C; moreover it ought to be 
reciſely in the centre of the ſame ſection G D, although 
e of the cavity of the Cylinder the point of hanging re 
mains free in the air. | 
Then while the toothed Cylinder L is turn'd round together 


with the axis E F, the Cylinder D G is turn'd all under one, 


whoſe extream or end being an oblique Section, hitting againſt 
the lance of the Pendulum it unites a motion like to rhe pre- 
cedent. . 5 5 

Fig. 149. Fourthly, let the Pendulum be AB, whoſe axis 
A C carries with it two toothed Cylinders D and E, which in 
like manner here and rhere, lay hold on the toothed wheel 
D E, but with interrupted teeth, ſo that while one Cylinder 


| lays hold on the wheel on one part, the other Cylinder lyes 


upon the oppoſite part of the wheel which wants teeth, and 


therefore the whole wheel ought to be divided into many rows 


of teeth in n odd number, and 'tis convenient to make each 
row of three teeth, and between one and the other row, a 
{pace of teeth left vacant, as much as is occupied by three 


teeth; fo as often as the weight ſhall be hung to the lower 


wheel H K, this being rurn'd about, will move the toothed 
Cylinder F, which being in the middle, will move the _ 
al 
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ſaid toothed wheel, which biting the toothed Cylinders D, E, 
one after another, ſomtimes on one, ſomtimes on the other 
oppoſit part, will move in like manner the pendulum A B a- 
ternately. 5 1 
And as in the foreſaid Engins, each vibration of the pendu- 
lum is made in a determined part of time; to wit, in one ſecond 
minute, or in 20 third minute, &c. the proportion of the wheels 
and of their teeth muſt be obſerved, as in this laſt Engin, if we 
would compoſe each vibration of the pendulum to anſwer one 
ſecond minute; in the wheel DE, diſpoſe 25 rows of teeth 
with as many vacant ſpaces between, the Cylinder F muſt be 
furniſht with 8 teeth, the wheel H K muſt have 96 teeth, the 
Cylinder G likewiſe conſiſts of 8 teeth, bencath which will be 
another wheel of 96 teeth, to which hang a weight; for in this 
manner 3600 n vibrations will be made in each hour, 

each whereof will be equal to one ſecond minute; then make 
fit the weight hung to the lowermoſt wheel, with the length 
and weight of the pendulum A B, in ſuch manner, that the 
lower wheel be once turn'd about in an hour preciſely, for ſo 
it will come to pals that the Cylinder G will be turned 12 turns, 
and the Cylinder F, together with the wheel D E 144 turns, 
and at laſt the pendulum will finiſh. 3600 compound vibra- 
tions. | | 

Inſtead of the wheel DE of diſcontinued teeth, you may 
uſe a toothed wheel common to Clocks, if inſtead of the Cy- 
linder of teeth, laying hold on ir, you uſe two little handles, 
which by turns ſhall urge and move forward thoſe teeth of the 
wheel, by laying hold of hem. PER 1 

Inventions of this kind are excellent, not only in being ſer- 
viceable in continuing the motion ot the pendulum, but alſo 
in making of Clocks moſt exact as is obvious to every conſide- 
rate perſon; which Engins or Clocks have this utility and con- 
veniency, that they ſcarce make any noiſe in their motion, 
ſince the pendulum is inſtead of a Ballance, which in common 
Clocks cannot agitate without noiſe. daten 
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Problem. XVII. 


To make a Clock to ſhew the hours on both fides, after a new 
method, which by a weight hung to either of its fides pro- 
ſecutes its courſe, and the index of the Clock proceeds for- 
ward in both motions conſequently. 


He Author before cited teaches this Artifice: See the laſt 
Figure of the preceeding Problem, where we have taught 
the method of continuing the vibrations of a Pendulum ; for if 
you rightly underſtand the conſtruction of the Artifice of this 
Engin, tis manifeſt from thence, that if, while the perpendicu- 
lar AB is agitated, the wheel K H ſuddenly changes its turn- 
ing about to the oppoſite part, that is, it begins to move to the 
right hand, when before it moved to the left hand, the moti- 
on nevertheleſs of the perpendicular will in no wiſe be hin- 
dred; becauſe that in whatſoever place of its arch, the per- 
pendicular A B lays hold on unawares from its firſt acquired 
impetus,” it will continue the ſame vibration; but for the follow- 
ing vibration, it will have the favoring impulſe co it ſelf, for as 
much as the parity of the reſt is the motion inſtituted by the 
wheels in this, or that part. | 

The ſame may be obtained other ways, as is explained in the 
foregoing Problem, bur chiefly by the Figures 146 and 148, bur 
yet caſier by application of a Pendulum, which we have taught at 
Problem 5; it only remains then that an index be applied fo, 
that although the turning of the wheels be made on the oppoſit 
part, yet it always proceeds forward in the ſame part. 

Fig. 150. Let the axis A B be continually movable toge- 
ther, with the roothed Tympane B, firmly -adhearing to the ax- 
is, which forces the wheels of the Clock on both fides to this, 
or that part. 

In the firſt place, fix on the ſame axis, two wheels with fin- 
gers, or Claws, within which ſmooth holes being bored in the 
centre, and the axis being ſmoorh will move freely ; moreover 
pur upon the axis rwo other Cylindrics G H, and I K, with 
faw-like tecth or Jags, each whereof muſt be firmly put into 
the axis, and turnable together with it, the jags of theſe wheels 

bend to the oppoſit parts, and are ſtifned in the oppoſit parts by 
Wedges or little peſtles C G, E I, each of which is furniſht they 
a little 


A 
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a little preſſing wing in preſſing its power, that the pins bend- 
ing forward to the Jags, admit the motion without much re- 
ſiſtance, and theſe pins are conveyed by the finger'd wheels 
CD, and E F, to which are fixt ſmooth little pins holding 
them at liberty; laſtly, to the two finger'd wheels, there muſt 
be added a third C E movable with the axis L M, and its fins 
gers folding in both the fingers of the wheels C D and E F, it 
may be expedient that the wheel C E referrs to another ſite. 
to wit, vertical, (if neceſſity require it) the circle of the wheel 
being put in points deſigned. | = | 
Therefore the Tympane B with the axis and Jag wheels G 
II, I K fixt in it, are turn'd in either part, for preſently either 
of the jag wheels will be bound by its bar or pin, and render 
its finger as it were continual, which with the axis leads it 
with it ſelf, and the wheel C E together; and becauſe this in- 
folds its fingers with the other wheels, it impells it but in the op- 
poſit part, in which its bar or peſtle hiaders not, in as much as the 
oppolit jags, holding the former and admitting the motion on 
that part; now if the Tympane B change its turning to the 
oppoſit, then that which was firſt hindred by the peſtle or bar 
will be Iooſed, but that which was looſe lays hold on his jag- 
ged wheel, which then firſt begins to move in the fame part, 
in which his finger'd wheel moved before, and ſince the fin- 
ger'd motion is the ſame now as before, becauſe continued in 
che ſame part, therefore the motion will be continued, and the 
half of the Fingers CE; to which therefore an hour index be- 
mg fitted, will always move forward into the fame part whi- 
therſoeverthe Tympane B with the whole Dial is carried. 
Note, Firſt, That the wheel CE advancing always inthis or 
chat part, depends on the jaggs or ſaw- like teeth, reciprocally 
inclining, and turning towards this or that part, whence if 
the- ſite of both of them be changed by inverting both the jag 
wheels, and the other face being applyed to its tnger'd wheet 
(the peſtles or bars of the Jags being alſo changed) the mot 
on ofzhe wheel CE will be likewiſe changeet. 
Secondly, if the wheel CE be led about by the hard in thr 
part in Which it was firſt impelled by the fingers C D, and E 
P, both choſe fingers will be moved, but the axis with the faw- 
like teeth Wheel, reſterh by force of this Conſtruction if no. 
thing elſe hinders, and may än the interim be: turned in this or 
that part, While tis not moved ſooner than the axis L M. 
n F f Thirdly 
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| Thirdly, but if you will lead about the wheel C E by the hand 
in the oppoſite part, and not in it which it was decreed to move, 
no motion at all will follow, but the whole ſyſtem will be firm, 
and will ſtick, ſo that the reſiſtance of the hand detaining the 
wheel exceedeth, 'tis neceſſary to apply a proportionate pow- 
er to the: tympane B on each part of it, which is no leſs a Pa- 
radox than the former; this conſtruction extends it ſelf to ma- 
ny other Problems of motion, as the deducing the librating mo- 


tion into Circular, to the recalling whatſoever irregular motion 
to a well order'd Circular, &c. as will appear in what follows, 


Problem. XVIII. 
The Hydraulic Clock. of Father Bettinus: 


"T* His kind of Clock is indeed very. ingenious, and the in- 
vention of Father Bettinus, and afterwards increaſt and: 
enlarged in many things by Father Eſcbinardus, of whoſe work 
alſo I have often obſerved not without great pleaſure of mind, 
the like Engin made in the Roman College, which performed. 
the effect beſt of any: Therefore leſt our work: ſhould: want 
ſomewhat of thoſe things which ſcent moſt. of. Ingenuity, we: 
have tranſlated this from Bettinus. Kar. 


The outward Artifice of the Hour Tyinpane. 


Fig. 151. You: fee the expreſs form of the Tympane con- 
reyed from the axis through the centre, whoſe apparent Pole 
is H, and the other pole not apparent, and of the chord LK L. 
MNP, whole two ends are fixt in I, and the little pulley K. 
(if you pleaſe of Braſs) with a ſmall weight ſtretching out the 
rope lightly; that beyond L it adheres: about the occult pole: 
Bur the great weight under the pulley N while the rope en- 
deavours to draw the chafed axis, and as it were toothed, af- 
terwards moves the Tympane, together with the Tympane and 
the number 4 aſcends, and after the Tympane movable pieces 
either of wood or iron toothed, whoſe form and art we will: 
_ thew hereafrer,, and ſome ſuch. you fee Q, R, while they hit 
_ againtt the movable and changing plate of mettal.sS, it con- 
nets the handles T V X, being drawn together they raiſe the 
title hammer on the ſide of: the little Bell Y to. ſtrike the 


hours. | 11. 
The 
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The art of changing the numbers in the hole, where 4. As 
it were, lies hid under the circular plane, as alſo the art of ſet- 


ting at liberty the teeth under the plane of the oppoſite Tym- 
pane, we will ſhew hereafter. n 


| See. II. 
The inward artifice of the Tympane. 


Fig. Ne of the circular planes being-drawn aſide the Tym- 
152. O pane immediately ſhuts, and that on the other part o 
pens,as you ſee in the figure annext; behold there appears to you 
the ſuperficies of two concentric cylinders ABC, DEF with- 
in the Tympane, within the concave of the leſſer the ſtays or 
props are G, H, in whole holes the axis of the Tympane is put, 
within the convex of the leſſer, and the concave of the grea- 
ter is the plane K, which is join'd to the cylindric ſuperficies, 
and to the circular planes ſhutting the Tympane ; through the 
little hole I of the ſmall plane I K paſſes water to run, when 


* 


the Engin is moved by force of the weight, and deſcending in 


C, the water is preſt by the plane LL... 
Therefore while the rope about the little toothed wheel, af- 
ter H by the force of the weight weighing down to the parts 
beholding the left hand as F E, thruſt through G, H turns the 
axis together with the Engin, and the plane K I deſcends and 
hits againſt the water, and prefles it towards the parts behold- 
ing the right hand as MA; in the mean while the water 
trickles down through the hole, and by little and little the 
plane K intercepts the middle between the water, until the 
water running between more and more through che hole I, 
and the plane K 1 aſcending to the parts towards AD ( or be- 
holding the right hand) moſt part of the water which flows 
beneath the plane increaſes the force of the weight hanging a- 
bout the axis H, and cauſeth the plane K Which now is idle 
in the parts A D with a little water (Which it hath not as yet 
deeply flowing above it ſelf) at length tis lurn'd by A D with! 
a ſwifter motion towards C (or to the parts beholding the left * 
hand ) and from thence it deſcends again and the water preſ- 
ſeth, which again flows through the hole, &. and ſo perpetu- 1 
ally by turns the Engin is turned, the Orb compleating a rotation 1 | 
once in each houn kk. 97 * 
1 = Ffz | The 
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The art is, that the dropping of the. water continue an whole 
Hour, whiles that after a flow and infenfible motion of the En- 
gin for an hour, unexpectedly the Engin turns, in the begin- 
ning of the dropping; in which revolution the hour is ſtruck 
on the back part of the Tympane, but in the förepart tie note 
or. figure ſhew ing the hour on the dial plate is changed. 


Set. III. 


An eaſy and moſt ingenious Art, whereby the-number of hours 
are always changed, and alſo the. hours are. ſtruck iu the 
hour Tympane without the artifice of other vulgar me vers. 


Fig. PHE invention of which ſtriking and changing you 
153. 1 ſhall have here. in a double figure: And firit, that 
which belongs to the changing of the numbers ſhewing the 
hours; ſuppoſe on the fore part of the ſhut Tympane, the plane 
to be drawn afide with tlie incloſed little boards. 
The circle AB C D expoſes to the eye that plane on the fore 
part, to which is affixt in E and F the Hexagon plane, leſſened 
in on ſide P Qa half part of one of the other ſides; and that. 
Exagon is the excentric to the circle A B CP, having a hole G 
common With the circle ( which is the centre of the circle) 
in which the axis of the Tympane is conveyed. through. The. 
hole under A is that, under Which the number of the hour 
Indexes appear on the other part. in the little boards, which 
muſt be noted in the hinder part of the. liutle boards, but in 
the figure for plainneſs they. are noted in the face apparent to 
the eye; you ſee thoſe little boards joined to little thin plates 
of mettal with corners, the, ends whereof. are movable about 


the. fixt little pins within the little boards. 


The out ward. form of the art you have in the ſeperate H, and at 
Land K; imagine then the little board H to be in his place be- 
tween I K, and to ſtand upon the ſide PQ, Which is only fit to 
receive one little board, the other ſides being large enough for: 
two, as you ſee in the Figure; then while H between IK 
ſhews the number (which you malt conceive on the other part) 
of the firſt hour through the hole A, and the. circle AB C D is 
turned with the Tympane ſlowly, ſuppoſe towards A, the, little 
jule LR, 4, 3, to the fide R Q, and by reaſon of the obliqui- 
| 3 Ne ty, 
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ty, the little board H being removed from the fide PQ, in its 
place ſucceeds 2, and ſhews it ſelf under a form. Moreover H 


and 12 fit ttremſelves to the fide P N, 11 and 10, to the fide 
MN; ꝙ and 8, hang down beneath L Mf, and! 8 fucceeds in 


the place of the middle 7 hanging down; & c. and three always 


hang down without, and beneath one fide as you fee 6, 7; 8, 
beneath ML; and by this ingenious, eaſy, fimple, and won- 


derful art the little boards change by turns, and one after ano- 


ther they ſhew the hours, the number of hours being inſcribed 
under an open bright hole. RT T0 e 2001] 


Fig. 154. But that which belongs to the ſtriking of the 


hours is thus; ſuppoſe on the back part of the ſhur Tympane, 


the plane being drawn aſide with the inclofed toothed lirtle - 


boards, that plane on the inner part expoſed to the eye is repre- 


ſented by the circle 8 T, to which is affixt in VN a pentago- 


nal. plane excentric in the circle 8 T, having a common fquare 
hole (which is the centre of the circle ) in which the axis of- 
the Tympane is put through; there are 6 little boards quadran- 
gular with teeth (according to the number of hours to he 
ſtruck) having baſes ſome what leſs than the tides of the Penta- 
gon, and they are made faſt by the corners with thin plates of 
mettal movable about the ends as you ſee in the Figure, and as is 
done in the little boards of the hour indices in the antecedent 
circle. 3 . | 
That you may underſtand the-form and art the better, you 
have ſer a part Z, ſuppoſe the thin plate (by whoſe impulſe. 
the little hammer is led to ſtrike the hours ) to be in a, and the 
circle in the Tympane to be turn'd from S8 towards 4 T, thre lit- 
lit board B with 6 teeth or claws ſtriking againſt in a, ſounds 
ſix tinklings on the bell for the hours, and preſently falls down 
beneath a then B being 0 to the parts F, the Httle board 
d fits it ſelf to the fide e, and ſo of the reſt in the Orb, as is 


* 0 


ſaid; before of the little boaxds-of til hour Indexes. 
And it muſt be noted and effected, that the little boards 
with teeth of the-cirdle 8 F, ſo agree with the little boards of 
the Circle B D of the antecedent” figure, that they ſtrike the 
hour, which is preſently ſhown under the hole, the number 
of the little board in the circle B D being changer. 
Alſo you muſt take care that the hour plate inſcribed in the 


firſt - Figure, Section the Firſt, be diametricully/ oppoſit to the 


plane K I of the figure in Section the ſecond, through: the ed 
| : Ot. 
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of whoſe plane th: water trickles down; and let the ſame hour 
plate be oppoſite to the little toothed board ſtriking the hour 
(not thew'd in the plate ) of the next following number, fo 
that when the ſhining hour eye is below the Horizon of the 
hours Diametrically oppoſit to the little Bell, and in that eye 
they number of the hour is changed, in the ſame moment the 
toothed little board ſtrikes the hour, which being changed the 
hour immediately appears above the Horizon. #1388 4 
About the hole I, in the plane K I, through which the wa- 
ter flows on both parts above and beneath the plane K I, in 
the back convex of the Engin are two broad holes, through 
which the water is poured into the Tympane. and when 
need requires is preſently all taken out, and through the ſame _ 
holes appears the leſſer hole I, in the plane K I, that it may he 
loołt after if any thing hinders the running of the water through 
that little hole, and thoſe two greater holes on the back part 
of the Tympame, may caſily be ſhut and open'd by two braſs 


* 


thin plates affixt with wax, or other fit glue. 

And hecauſe in the beginning of the hours the Tympane is 
turned flower, afterwards always ſwifter, becauſe of a leſſer re- 
ſiſtance of Water, therefore in one of the circular planes ſhut- 
ting the Tympane is put a thin plate of lead in manner of an 
hook, decreaung by little and little, C. | . e 


Se, IV. 


the foreſaid Engin. 1 2 


FI Author learned in Experiments adviſes in the firſt place, 
that the Tympane be divided in four equal parts by Pa- 
rallelograms of thin plates of mettal, one whereof ought to be 
boared through with aiſmall hole, as is ſaid; bar each of che 
reſt are to be hoared with ja double hole much greater] one 
near the faſcia; the other near the inward axis of the Tym-" 
pane; for hence it will come to paſs, that after the water 
hath paſt through by the ſmall hole in an hours time, then 
having obtain'd a freer paſſage, it permits the veſſel to be 
turn d about with a ſwifter motion, that in the interim the 
hour may be ſhown by agſign of the little Bell, or thei ne 
ellapſt, or the next to come ; for unleſs the other thin plates 
171 axe 
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aire made with greater holes, the Tympane will ratker return 


than run forward; wherefore likewiſe an inſtrument may be. 
made divers ways for ſtriking the bell, ro wit, by making it ſo 


chat thoſe points take up ſomewhat in their ſwifter motion at- 
ter the manner of a Leaver, as is wont to be done in large 
Clocks with wheels, one end of 'which Leaver- while it falls 
down draws the thred to it ſelf, and raiſes the hammer; allo 
ſharp points fixt to the tables may be ſo faſtned to the hinder 
ſuperficies of the tables, that they may directly behold the 
Tympane, as alſo the centre of the Pentagon may be other- 
wiſe taken, Dc. 1 AP 7 | ab * | 


Secondly, The iron plates being waſht over with tin, corrupt | 


preſently, unleſs it be fenced by ſome Sandarac, or varniſh, fit 
tor the buſineſs; Copper cover d over with tin, or tin only of 
it ſelf, fo that it be very thin, is beſt of all. 

Thirdly, Beware leſt the place of the ſmall.hole be fo, that. 
after ſome time the magnitude of the hole be changed. 

Fourtbhly, The Tympane muſt be + of one Palm at leaſt, 
ig 8 length and breadth, for if it be leſs it will not ſucceed 
O Well. > NL INES: | | 
- Fifibly, The moſt fit water he rakes-to-be rain water diſtill'd, 
bur if the veſſel be made of glaſs, hot water will be better; 
and the quantity of water ought not to fill much leſs than Lalf 
the Tympane, bur eſpecially it ought not to come to the inner 
axis, Wherefore that axis will be the better, if it be made as 
{mall as poſſible; the other things to be compared with one 1- 
nother are, the littleneſs of the hole, the quantity of water, 
and the force of weight; but chiefly you oughr to take care 
leſt that hole be ſtopr, which ought to be at leaſt as big as- 
one arch. | ie F631 | 
Sixthiy, He denies that the thing may be done with Quick- 
ſilyer inſtead of water, both becauſe it requires a greater hole 
to flow out at, and therefore alſo a greater Tympane, as alſo 
becauſe it will paſs out moſt heavily; laſtly, becauſe all mettal 
corrodes; and therefore the Tympane ought to be glaſs, which 
will be difficult to be made: Alſo he denies duſt, or ſand, to 
be fit for that ſervice, ſince it ought to paſs through a ſmall 
hole by being compreſt in the middle, which is done by thoſe 
thin plates of mettal; which cannot be obtain'd by duſt: He 
concludes, if any Liquor be found in which heat and cold doth 
not govern, that is moſt. fit, ſo it doth not corrupt the matter of 
the Tympane.. | | Seven 
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Seventhly, He aſſerts another ſuch like Engin of his own com- 
poſing, wherein he hath made a perfect Hexagon in the axis 
for the Pentagon, and about it ſeven Tables are gathered to- 
gether in the ſame manner as above, every one of which bears 
before it one of the ſeven Planets deſcribed with its proper 
Character. Laſtly, in the foremoſt face appears a circular. thin 
— of mettal, but that for one circular hole it hath fix, each 
eing deſcribed upon with ſome cœleſtial Sign, beginning, 
viz. from Aries; then while the axis is turn'd about the 
Planets are moved to the Weſt, but fo, that in every cir- 
cumvolution they go back to another Sign placed after it in 

due order, RT TY 5 
Eigbthly, He teaches in what manner one Tympane, ſo it be 
large, may ſuffice for ſtriking the quarters of hours; ſays he, 
make a Veilcl, which divide in 4 parts by 4 thin plates, and 
then divide it again, but in a contrary manner, that is, let it 
be cut by the plates in the Section which makes a Circle, and 
take away, as it were, part of the veſſel, whence there will 
be, as it were, two Veſſels in the manner of one, then either of 
theſe will be divided in 4 parts; the plates which divide the 
leſſer Vellel ought all to be double in a place, to wit, nigh the 
faſcia, and nigh the axis, to be opened with large holes, and 
the plates of the greater veſſel are boared double in a place, 
but with an unlike hole, to wit, one nigh the Faſcia very 
{mall, and the other the axis much greater; for this is neceſ- 
ſary to communicate the air to every part of the Veſſel, other- 
wiſe the water will not paſs freely through the ſmall hole; 
laſtly, put the water indo to the leſſer veſſel thot it may almoſt 
touch the axis, but in the greater veſſel as little as may; be tar 
hence it comes to pals, that when all the water in the grea- 
ter Veſſel ſhall paſs through the firſt {mall hole, before that 
( ſince 'tis but little) the impediment of the ſecond thin plates 
hinders, in the mean while the Clock will be moved ſwifter, 
but becauſe this way it rather returns than goes forward, 
therefore tis reſtrained by the water put in the leſler Veſlel, 
which in the interim paſſes through the great hole; then 
while the Clock in this manner is moved, after every quar- 
ter of an hour it ſtrikes on the little Bells the number of; quar- 
ters ela. [oi 5 106063. die dae to 2 ae 
Note this one thing diligently, vix. leſt that flow motion be 
tod ſhort, as not to ſufhce for the ſtriking of the Bells as often 
As 
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as is required; alſo note, that hence it neceſſarily happens, 
that the outer face of the Clock is a little changed; for other- 
wiſe it will follow, that in the middle of the ſecond hour, the 
number of the hour appears not longer, which evil we may ea- 
fily cure many Ways. 

Hence he concludes, that this ſecond diviſion of the Tympane 
may alſo diſtinguiſh the Tympane for ſo many hours, for hence, 
ſays he, proceeds great benefit, for you may as you pleaſe make 
the motion more or leſs {lower for ſtriking the bell,viz. if you put 
more or leſs water into the leſſer veſlel, although you leave 
the greater veſſel untoucht; but in this caſe *ris ſufficient, if 
the greater veſſel only be divided with ſo many thin plates; 
for the other plates are put only to reſtrain the too flow mo- 
tion, as is ſaid before. 

Ninthly, Becauſe thoſe things which are ſaid ſeem not fit to 
the ſtriking of greater Bells, three veſſels are to be made in 
this manner : Two of them muſt be divided into 4 parts in the 
main, as is ſaid of the leſſer veſſel for the quarter hours, the 
third muſt be alſo divided into 4 parts, but the fame altoge- 
ther after the manner of the greater veſſel for the quarters; 
the water in the firſt two veſlels is put in as you pleaſe, bur 
the ſame muſt be obſerved as in the leſſer veſſel for the Quar- 
ters; and in the third you muſt obſerve that which we have 
ſaid of the greater veſſel for the quarters: But now if to the 
end of every quarter the third veſſel (as is uſual in great clocks) 
lift up ſomewhat, ſo that it being raiſed a free courſe is per- 
mitted to the other veſſels, to wit, to one of thoſe in the end 
of the hour for ſtriking the hours, and the other to every 
quarter for ſtriking the quarters, the thing will be accom- 

liſht. 
. Tenthly, The foreſaid Clock hath this peculiar, that it makes 
no noiſe, nor the motion of the Ballance, nor the Wheels di- 
ſturbs not nocturnal reſt: Notwithſtanding if you would make 
uſe of it to rouze you from ſleep at an appointed time, you 
may eafily do it, by taking all the teeth from the Tables, ex- 
cept one of them, which you muſt fix in ſuch place and or- 


der, that after the prefixt number of hours it may ſtrike on 
the bell, or make ſome other noiſe, as is wont in excited 


Clocks, of which we ſhall ſpeak hereafter : There are alſo o- 
ther ways more eaſier, as if you uſe to it the percuſſion of a 
weight, whereby one part 8 the equilibrated table depreſſes a 
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Cliggut, ſomething ſallying out into the room, and you may 
encreaſe or diminiſh the percuſſion of the weight, by making 
a greater or leſſer hole in the other three plates, which have 
large holes for the ſwifter motion, &c. But if you add one 
wheel, you will find ſeveral eaſy ways. 

The Author concludes, that hence all thoſe Engins may be 
ſupplied by a ſhort Compendium, which are not wrought but 
by many Wheels, eſpecially in thoſe which want temperate 
motion. x 

Moreover he adds many other things to equip this Engin, 
and, Firſt, he ſays, the veſſel may be ſo accommodated in the 
outmoſt part, that ar what time the Clock is moved ſwiftly, 
whether before or after the Strokes on the bell, little boards 
being placed, or ſuch like, as is wont in Hydraulic Organs, it 
will utter a conſort of muſick, either in ſome Cimbal, or on 
little Bells harmonically diſpoſed. 

Secondly, If the Clock be hung after the uſual manner to a 
wall, and to its ſide, ſome plane table be made faſt to the wall 
through the length, that it be parallel to the horizon, upon 
that rable may be placed the Sun in its courſe, a hidden ſtring 
being drawn which tends rightly to the Clock, which may 
be drawn by the veſſcl in its circulation; and on the wall 
you may diſpoſe in right order (in the way through which 
the sun runs its courſe) the heavenly houſes, whence each 
hour, a little Image poetically adorn'd appears, Which ſhews 
the hour on the right hand next clapſt of the Sun, and on the 
left hand it leads ſome of the heavenly Signs, or ſome ſign of 
the Zo liack addicted to that houſe, & c. thus thoſe little Ima- 
ges will appear every one to his time; put croſs in the way 
by which the Sun paſſes, ſome little board, ſo that when the 
courſe of the Sun being moved by tlie ſwift motion of the 
Clock, being carried in its courſe, it hits againſt one end of 
the little board; which if the little board be placed in man- 
ner of a leaver, it may ſo be accommodated that while one 
of its ends is drawn, by the ſervice of the other erd with ſome 
ſtring added to it, the little image is brought forth to the Sun, 
and there left. | 

Thirdly, Beſides that heavenly motion, that number which 
ſhews the hour next elapſt may be ſo accommodared, that the 
{ame fire and face may ſerve, as well in its Apogeon, as in its 
aſcent and deſcent, to wit, if there be put to the little plate 
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on one of its parts ſome tin, a little heavier,being ſo affixt to each 
table, that it may moſt eaſily be turned about irs centre. 

Fourthly, Almoſt in che fame manner, in chat circular ſuper- 
ficies whole half part always appears divers ſmall Images may be 
affixt, ſo that they always remain aright, by means of Tin, or 
ſome other heavy thing added to their feer, and in going for- 
ward they may ſhew the quarter hours, &. 

Hitherto we have added no Wheel, bur if we add one or 
two, you will attain many fine effects. Firſt, a roothed wheel 
may be ſo placed on the vellel, that its axis may fall right on 
it, and on the extream circumference of the veſſel many iron 
ſtiles may be put, which while the veſſel is turn'd about they 
move the overthwart wheel placed above, by hitting againſt 
its teeth, moreover you may conſtitute a Load-ſtone on part 
of the wheel placed above ; now if you faſten an Image with 
a wyre, with an iron ſtile in it hands, according to the motion 
of the Load-ſtone, it will ſhew the hour, Oc. 


— — 
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Problem. XIX. 


Zo make the Indexes of Clocks, ſo that they ſhall deſcribe 
not only Circular, but any other Figures by their motion. 


T any one would adorn the Index of a Clock with the 
Arms of ſome Prince, or City, to diſpoſe it in the form of 
a ſhield, of a heart, of a croſs, &«c. fo that the ſame being artifi- 
cially made, or a ſmall image, or any other ſign performing 
the office of an Index, the numbers of rhe hours being in- 
{cribed on the parts of its figure, in whatſoever order they 
are diſpoſed in, it will ſhew ſucceſſively ; or that an Eagle 
with its bill, or a Lion with its tongue, &. There are divers 
Artificers in Father Schottus Technica, Book 9. Chap. 5. the moſt 
uſeful whereof we will here impart. 

Fig. 155. To deſcribe the moſt difficult figures of moving 
Indexes aſſume the arrtifice of a Parallelogram made in this man- 
ner : Firſt, of ſolid matter, viz. of iron make four rules A H, 
AK, K L, H M, which in the points A, H, C, K, ſo join with 
curious ſmall pins, that the ſquare may freely be ſtretched 
wider, or contracted narrower; then to thoſe portions or 
parts ſtanding out on each fide C L, C M, join by the fame ar- 

Gg 2 tifice 
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Hfice as many more rules, but ſhorter, and if you will, decrea- 
ſing in the ſame proportion, and in the connecting or joyning 
points, freely turning. 

Secondly, On that face of the Index that lies hid towards the 

Clock, conceive a hidden toothed wheel CDE FG B, to wit, 
ſo as thoſe Indexes that are wont commonly to turn once in 12 
Or 24 hours, in this being made hollow, or any other way 
fitted, underſtand a little Channel A C, ſo that within it a 
little nail, or pin C, may he put ſticking out from the Paralle- 
logram towards the Wheel, and may run to and again, this way 
and that way, without reſiſtance. 44 

Thirdly, Fix a ſmall pin A in the Center of the toothed 
Wheel, and then between it and the other little pin C, which 
ought to run in the little channel or groove, a Spring, or ſome: 
impulſing Spire, being pur between by a Wyer of a competent 
thickneſs in the manner of a wreathed Cylinder ſcrew, draw- 
ing aſide as much as is requiſit the little pin C, from the other 
fixt pin A; which Spire perhaps may more Conveniently be 
made of a Serpenrine plare drawn and bowed. 

Fourthly, Propoſe now -any figure which you would have: 
the hour index deſcribe with' its point ; ſuppoſe a Hexagon, 
or figure of fix ſides: Cut then in the plane of the Index a fix 
ſided hole CDEFGB, whole Center is A. 

\Fifthly, Upon the whole Parallelogram, and the hole that is 
cut, place ſome figure, as of an Eagle, or a Dragon, &. ſo 
that its neck touch the texture of the Parallelogram and hide 
ir, and the other part of the body be ſpread over to the hole 
that is cut; Moreover that Parallelogram being wove in the 
neck of the figure by more of the ſame Rules placed between, 
in the likeneſs of a net, and move artificially after the manner 
of feathers, or the Scales of a fiſh, &c. 14 

The hour Wheel-then intercepting the pin C in its, groove, 
carries it a long with it; and this from the drawing preſſing 
piate placed between A C, and the cut. Sexangular hole, or 
included between other limits, will cauſe the Eagle, having a 

cron, cross or ſtar on its head; or a Dragon with his tongue or 
ſting, to deſcribe tlie ſame figure, and to ſhew the hours de- 
ſcribed in its limb. . 

In the deſcribing of other figures, as of a heart, a roſe, a 
ſhield, &c. the Induſtrious will find it eaſy; another motion 
ray cahly be given over and above, to a Lyon, an Eagle, or a. 
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Dragon, ec. that this ſpread his Tail, that toſs its Spires. the 


other open its wings, Cc. and that either by the {ame artifice, 
or otherwile. 
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Problem. XX. 
To perform the ſame more Compentiouſly. 


 Lthough the foreſaid Artifice is univerſal, and extends it 

'A ſelf ro many figures, yet this prefent Propofition may be 
reduced to practice, with leſs charge and trouble, eſpecially - 
to the eaſier ; as Ellipſes and Polygons, and moreover may be 
applied to other Paradoxical affections. 

Fig. 156. Let ABC be a rod of mettal, having a round 
hole in A, but in C where it bends, it ends in a little ring, or 
other erect hole C E, through which paſſes another rad BEE, 
which bending in the like little ring F B, and in like man- 
ner made faſt to the former rod, and cloſe or touch each other 
ſo lightly, that they are carried on one within the other to 
and fro freely; in the end D is made an arrow, a little Star, 
or other ſuch like ſhewing Apex. 

' Secondly, Underſtand in that plane in which the number of 
hours are inſcribed ſome figure, viz. a Square to be deſcribed 
GHIK, and nigh to its deſignation cut a channel or groove of 
any depth, and its breadth, ſo that ſtanding out from the litttle 
ring it may receive the point B, that it may run freely in its 

; Channel. 3 | 

Being placed then, and fixt to the hole A in the Centre of 
the quadrate, and to the ſtyle-B in the fame cavity, if this 
whole joining together of the Index in the point Abe tura'd 
about by the Axis of ſome Wheel, or led about circularly any 
other way, the end D muſt needs deſcribe a Square figure, or 
another after the ſame manner, as is the Channel in which the 
ſtyle B is led about. pres 

Note, Firſt, the ſame Inſtrument may be more ingeniouſly 

made of two rules, in one of which a little channel is drawn 
out in length, and the curſor runs to and fro in the other by 
turns; but che Artifice may be ſo cover'd, that the contraction 
and diſtenſion of the rules cannot eafily be noted, in producing 
the rule DE F beyond the centre A, &. Secandly, If ee 
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the rings E and F you put a wire, or a divided plate of mettal, 


it will not be neceſſary to hollow it in the plane, but only cut it 
out from the thicker plane being laid upon the other, or by 


the rules that frame the Poligon. 

If you affect Paradoxes, hence you may eaſily deduce, Firſe, 
that by the continual drawing and revolution of one and the 
ſame common compaſs, you may deſcribe a triangle quadrate, 
Cc. for if one foot of the Compaſs be fixt in the hole A, and 
and the other firmly lay hold on the Style E ſticking our, and 
being led about by the compaſs, the ſtyle will deſcribe ſuch a- 
nother Figure D, and was the little hollowed Channel, or ano- 
ther ſuppoſed plane terminated by acertain figure. | 

Secondly, If you would deſcribe a circle by the ſame openirg 
of the compaſſes, and not from the Centre of the Circle, you 
may do it almoſt in the ſame manner, which doth not require 
that the point A with the foor of the Compals be in che mid- 
dle of the figure, as is manifeſt. 

Thirdly, you will increaſe the admiration, if you add the 
deſcribing a Triangle, a Square, an Ellipſes, &. greater or 
leſſer, with one opening of the Compaſſes, and you may effect 
it thus; Produce the length DE F towards A, and let the little 
ring or Curſor B F, have a ſcrew, or turning joint in F, that 

the compaſles remaining at the ſame diſtance, and only the 
relique DEF being drawn from, or irtruded from all the reſt, 
and the foreſaid turning joint may he faſtned in F: More may 


be added by the Ingenious. 


8 ** 


Problem. XXI. 


Zo make and incite a Chronometric Index to an Elliptic 
Hure, by a certain and peculiar method. 


| R Lrthough both the foreſaid Artifices ſerves to deſcribe 
Ellipſes, yet the Author adds another, taken from a pe- 
culiar Geometrical Inſtrument of Guido-vbaldus, or rather de- 


duced from the ſame foundation. 


Fig. 157. Three planes, or thin plates, are to be conceived, 
the firſt is of an indefinite figure, which is deſcribed by the 
Elliptic Index ABC D, this is. boared through in the middle 
in the round hole HEF G, and moreover cut in with four ſlits 

| at 
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at right angles which are IE, KF, LG, MH, and joiu'd to- 
ether with a round hole, the length of rhe ſlits is as much as 
e Semidiamzter of the hole. | 
e other Plate PL is circular, which hath on that part ſome 
Index which is laid open to the view of Spectators, being pur 
upon the former ſlits, and therefore touches the foreſaid hole 
of the former plate. 

The third plane of the orb is IK LM, touching the ſame 
hole on the other part of the middle, and of the ſlits of the 
plate, and this therefore lies hid all within; its Centre is the 
{ame with the Centre of the round hole, and it hath Glued or 
Soldred to it, two Segments above and below the Centre, be- 
ing cut through by a circle on its Periphery, that perfectly hills 
the ſides of the hole, and razes while they turn within the 
hollow of it ; the thickneſs of theſe Segments is the ſame asthe 
ſlits of the plate, with which they are therefore equal and alike: 

The conſpicuous Orb P L hath its Centre in that point, 
which is poſited in the Periphery of the Segment H E, Glued to 
the hidden orb MIK L; In this point a hole is made through each 
orb, to wit, the conſpicuous PL, and the occult M IK L, to which 
hole afterwards a ſmooth little pin is put, to join each orb freely. 

In the conſpicuous orb PL on one face which beholds the 
middle, or ſlit plate, are fixt two little round nails I and N, 
of the ſame thickneſs as the breadth of the flits, within which 
they ought to run to and fro moſt freely; the length or height 
of the little nails or pins is the ſame as the thickneſs of the ſſits, 
and the plates, or ſome what leſſer, leſt thy touch the occult orb 
through thoſe ſlits, and raze it in the motion; they are diſtant 
from each other the interval I N, equal to the diameter of the 
hole. 

In the inner and occult orb make the hole R ſomewhere, 
into which enter ſome little nail ſticking out for that end in the 
diurnal Wheel of the Clock, whether it be turn'd once in 12 
or 24 hours, the Centre of which Wheel ought exactly to an- 
{wer to the centre N of the hole HE F G, and alſo of the occult 
orb IK LM; the diſtance of the hole R, and of the little Nail 
anſwering it, will be the, ſame viz. RN; it is the ſame, if in the 
diurnal Wheel of the Clock a hole be bored through, and in 
the point R of the orb a little pin anſwering it be fixt. 

The foreſaid pin then heing entred in the hole R, will cauſe 
the occult orb I K LM to move about, being laid hold on 


by 
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by the Wheel of the Clock, and will carry it forward from 
R towards M; and at the ſame time a hand being formed, a 
Lilly, the Sun, or ſuch like, the Index P will. proceed for- 
ward to the oppoſit part, and by its apex deſci ibe the Ellipſis 
ABCD, to which hours unequal ſpaces are deſcribed diſtinct- 
ly, which nevertheleſs are finiſht in equal time, to wit, hourly, 
by the Index. . 

Since the conſpicuous orb PL, on this face, on which ' tis 
beheld, is altogether plane and whole, you may for ornament 
inſcribe on it, either the Eftigies of the 7 Planets, or the 
figures of the 12 Signs, which indeed have no other uſe, than 
that they are turned about wonderfully to and fro with the 
orb, that he that is ignorant of the ſtructure, and its make, 
can hardly conceive it, becauſe that the orb is moved with a 
double motion, one by which its Centre E is Carried circularly 
about to the Periphery of the hole E FG H, and the other 
Elliptic, whereby the other parts of the orb are carried. | 

The Internal F H berween the two Segments is therefore 
left, that the little nails I and N may paſs in a right motion 
through it diametrically oppoſit without obſtruction from one 
ſlit to the other. See Guidubaldus in the Demonſtration of the 
Planiſphere, and Bettinus bis Comments on the 28th. Propoſition of 
the 6th. Element of Euclid. 


Problem. XXII. 


Divers ways to make a right lined Index to ſhew the hours, or 
quarters of hours, by a right motion, aud then to return 


back again. 


Fig. 296.0 Fake a plane Wheel ABCDEF, whoſe middle 
part DEFA 1s furniſht with teeth, but none 
in the other parts, the axis AG H D lies directly over, or upon 
the Centre, or diameter of this Wheel, carrying two toothed 
Tympanes A and D, alſo two toothed Wheels G and H, which 
all firmly adhere to the axis AD: Thirdly, make the Oblong 
IK LM, three of its ſides being of Solid mettal, and the fourth 
K M is cloſed by the figure of the Sun, or any other ſign, mov- 
ing forward by a right lined Index, which nevertheleſs may 
be placed moſt conyeniently in the middle of the oblong ; 

Fourthly, 
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Fourthly, to the two longer ſides I K and LM, make the teeth 
of the Wheels G and H to agree to the teeth of the other, viz. 
to the face of thoſe ſides which the Wheels G and H behold 
and touch, for that oblong is conceived to lie upon the Wheel 
G and H, and theſe to cover over the ſides IK and LM. 
The half toothed Wheel moving then in the firſt place from 

A towards B, will move the Axis AD, with the Tympanes 
and Wheels in the ſecond motion, with which in like manner 
is carried on the oblong with the Sun K M from K towards B; 
and the length of the ſides I K, LM of teeth ought to be in 
the ſame ratio to the Wheels G and H, as the Semiperiphery 
DE FA to the Tympane A or D equal to it; Secondly, and 
becauſe the plain Wheel is furniſh with teeth only in the 
middle part, which begins to impel the Tympane A Firſt with 
its teeth, the Tympane D oppoſite to it is hindred by none, 
much leſs when the whole axis and Wheels are turned, and by 
an unanimous conſent both wheels G and H the ſides of the 
oblong, are ſo long forc'd forward by an uniform motion, as 
the channel'd Cylinder A is impelled ; Thirdly, when firſt the 
toothed Semicircle approaches to the Tympane D, and begins 
to ſet its teeth in it, in the ſame moment the Tympane A is 
freed from the force of the teeth, and is turn'd to the oppoſite 
part, being led by the other ; from whence allo the oblong 
removes the track out of the way to the oppoſite part, as long 
as the toothed Semicircle forces, which it ought to perform 12 
or 24 hours, or, it you pleaſe, but one hour: Fourthly, this 
whole artifice is hid beyond a certain table equal to the oblong 
of the Index, which therefore is divided into 12 equal parts, 
or hours, and the number of the hours are deſcribed in a 
double row, the uppermoſt of which from 1 to 12 ſhews the 
Aſtronomic hours from Midnight to Noon, and the lower from 
Noon to Midnight, or otherwiſe. _ 5 | 

It may be done eaſier, for the weight in the ſpace of time 

in its deſcent of the whole height, either in a plane vertically 
erected in ſome place, the ſame horary intervals may be de- 
ſigned; and the ſame perpendicular motion of the weights 
may eaſily be tranſlated into an horizontal one, by a Pulley pur 
between, on which put a ſmall chord, and bind it to the de- 
ſcending weight ; or if you find that inconvenient, fit a Pulley, 
or Cylinder, in ſome Wheel of the. Clock, meaſuring time 
by its motion, for a Chord being folded to the Cylinder ac- 
| - % Rp cording 


— 
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cording to the various magnitude of the Pulley, or to the num. 
ber of its revolutions made in an hour, will give divers horary 
ntervals in the plane deſigned on the Wall, or other plane of 
a competent length, in which, if you pleaſe, you may hide 
the Artifice, and within or behind the table of the right lined. 
Index you may place a piece of load ſtone from the weight 
by the foreſaid little chord to move forward flowly baing 
looſe, and without the table, in the ſight of every ane, may be 
moved by the hidden load-ſtone an Iron gilt with the Sun, 

or Phaeton driving a roſey Chariot, a Chamelion, or -a kind of 
Sea fiſh, c. 


5 
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Problem XXIII. 


To Efect the ſame another way more ingenious than the for- 


Eg. 159. B cauſe the foreſaid Author appoints in the firſt 
2 SH practice, that the toothed oblong forcing the In- 
dex, and lying hid behind the table, while tis conveyed to and 
fro of its own accord, requires another ſpace equal to the table 
to which it allows and extends it ſelf : and in the latter Way, 
whether he appoints it by finite or perpetual Chords, he doth 
it either by attraction of ſmall Chords, or of the Index by a 
mall chord, from whence tis moved forward, therefore I have 
thought on the following way whereby both thoſe defects 
may be remedied. | 
Let therefore the whole length of the table of the right: 
lined Index. be AB, or CD; take a chord, or fmall rope, ſix 
times the length of A B, and join the ends to make it perpetual, 
as EABF DC E; Put this about two Pullies or Cylinders E and 
E, moving freely about their Centers, ſo that the {mall: Chord 
paſs occultly under the upper border, or limb of the table A B, 
and: of the lower CD; Secondly, let there be alſo ſome Index 
as G, ſo fitted that it may move forward to andi fro through 
the whole length of the table freely, which may be done 
thus; it may run to and fro within two little Channels, or 
grooves, cut in the upper and lower limb of the table, or by 
two other metallic Chords, or wyers, ſtronglx extended amd: 
bung in the. {ame limbs, and it ſtrains them 9 2 
| Ole. 
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looſe little holes, or rings, through which the chords are tranſ- 
mitted ; then the Index G will be moved forward in thefe 
channels, or wyexs, perpetually by the little rope to and fro in 
this manner: Becauſe the perpetual little chord is fix times the 
length of A B, divide it into fix parts, as A B, BF, FD, DC, 
CE, EA; moreover in the three points of diviſion A, E, C, 
omiting one interval, or ſpace, bind or faſten juſt ſo many in- 
forcing flexible obſtacles with this condition, that paſſing by 
the perpetual ſmall chord through the two looſe rings of the 
Index G, wiz. of the upper and lower, the obſtacle hitting 
againſt the ring of the Index moves forward the Index ; and 
the Index arriving and conſiſting at the extream ſide A C or 
B D, the obſtacle being drawn by the perpetual chord, never- 
theleſs going forward paſſes through the little ring of the In- 
dex overcoming that {mall matter of reſiſtance. To this end 
you muſt take ſmall ſtalks cut off from the Quils of Birds, or 
Horſe, or Swine's hair, or the ſtrings of a wood-like White- 
thorn ; then theſe three obſtacles being conveyed overthwart 
by the perperual chord in the points A, F, C, and fixt; con- 
ceive now one of the pullies E or F to be annext with ſome 
wheel of the Clock, as with the diurnal when you would 
have the Index to be of 12 or 24 hours, or with the hourly, 
or quarterly, ec. if the Index ought to be houriy, or of quar- 
ters: Let it be hourly, and either of the pullies E or F to move 
regularly circular by the hour wheel of rhe Clock from 
whence it will be incited, or by another perpetual chord, or 
by a toothed Wheel, &c. And make the motion of the 
Pulley, and of the perpetual ſmall Chord, furniſht with the ob- 
ſtacles, or ſmall ſtrings, or hairs, the upper from B to A, and 
the lower from C to D. Underſtand now the Index G, to be 
brought by the horſe hair, or other ſtring A, from BD to AC; 
Then becauſe the Index cannot paſs further, the horſe hair 
notwithſtanding being drawn by the perpetual chord, it will 
paſs through the ring of the Index, which it will lay hold on, 
and will paſs forwards towards E. At the ſame time the hair 
or ſtring C applies to the lower ring of the Index, and the In- 
dex being free from the former hair A, draws it back with it 
ſelf from C towards D, then the Index hitting againſt BD the 
Margent of the table, this lower hair will pals through its ring, 
in the mean while the other hair F is now found above, which 
Index that it may remove it r and this reciprocation 
Wy Hh 2 an 
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of the Index endures as long as the motion of the Clock, if you 
diligently obſerve what follows. SL 

Firſt, Obſerve the Compendium in the beginning of this 
Problem; for whatſoever is without the table A BCD of the 
Index, you will contract to a leſs ſpace, if you wind about the 
Pullies E ard F once or twice thoſe portions AE C, and BFD 
of the perpetual chord'; for in this manner thoſe Cylinders, 
or Pullies, muſt needs be moved near to the table of the Index, 
and always to its top, as the Centers of the Pullies E and F an- 
twer to the extream limbs of the table A C and B D. 

Secondly, to continue that reciprocation of the Index with- 
out any error, you muſt take great care that the precedent 
obſtacle, or hair, paſs through its firſt ring, and leave it before 
the ſncceeding one ſieze his, which you may eaſily obtain if 
you do nor permit the Index to come to the extream terms A C: 
and B D, but a little before it touches them, tis forc'd to ſtand 
ſtill, and is freed from the former mover, that the other com- 
ming too, which was firſt diſpatcht by the former obſtacle, 
may find out the Index, which will be done in a ſhort 
time. 

Thirdly, Becauſe at the firſt aſpe& of this Index you cannot 
know whether it goes forward or back ward, therefore the thing 
may be ſo ordered, that one Index in going may turn to the 
ſpectators a face of one colour, and the other in returning a: 
colour contrary to the former: If yet the number of hours or 
quarters above, be gone forward from A to B, and the lower: 
from B C, it will be known preſently at the firſt aſpect, whe- 
ther the Index goes forward or backward. 
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Problem XXIV. 


To male the ſame power which moves. the hour Index to ſtrike: 
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F. Schottus thinks it may be done by a ſpring, or ſteel. 
ſpire ;, for ſince each ſpire after this manner hath two ends, 
central and circumferential; one of which being drawn, each 
returns to.the oppoꝶt parts; ſays he, one end, viz. the Central, 
may force the Wheels of the Index, and the other the ſtriking 
Whecls, or the Contrary ; And he affirms that the irregular 

force: 


—̃ ꝙÄT—— — 


force and reſiſtance of the ſpire may be made fit by the artifice 
delivered by us before, notwithſtanding this muſt be diligently 
obſerved, that ſome certain time muſt be appointed by the 
Artificer, wherein the Clock is to be draun up, and then ac- 
cording to the number of Pulſes of each hour the other looſe 
end will be made fit, the Cone of this other end forcing the 
chronometric Wheels; But in this practice ſome difficulties oc- 
cur, Wherefore I eſteem the following practiſcs of the ſame 
Author more apt. 3 8 

Fig. 124. Firſt, therefore conceive in the Figures of Probl. 
24, the two Pullies A and B, to be fitted to the two whirling; 
ſiſtems of the lower Wheels, that is, to their axes; one in- 
deed to the Chronometric ſyſtems, or circumagent Index, 
and the other to the ſtrokes deſigned; for tis manifeſt 
from the right underſtanding of hanging of weights, that 
one and the ſame weight D ſerves both for the carrying; 
708 the Index continually, and to the ſtriking of the hour 
Wheels. r TRE £ 

Note, Firſt, the Pullies A and B in Fg. 124. muſt be under- 
ſtood to be ſo placed as you ſee them deſigned in Fig. 125. 
Note, Secondly, if you do not make uſe of a perpetual chord, 
but a finite, then you muſt conceive that Chord to be perpetu- 
all diſſected, and to each end a weight, or poyſer, to be hung 
to continue the Chord within the Pullies A and B. Note, Fhirdly, 
both ways here requires this weight D to be as heavy again, 
as that which is ſufficient to carry about the other Wheels all 
at once: If therefore to each ſingle weight that motion ſhould: 
be effected, you may make uſe of this following (although 
neee, . OT 
Fig. 160. Secondly, make the Axis AB ſtrong, and like a tres, 
or Cylindric, and ſtabliſht in the points A and B, put on to 
this two toothed Wheels CD and EF, each of which fhall 
have in its Centre a Cylindric Tube A G and BH, join d or faſt- 
ned together moving freely about their Axis A B: And to the 
ends of theſe Tubes G and H, mult be faſtned a little orb; or 
Jagged Wheel G and H, having but few Jags; or teeth, as 12 or 

16, but very deep; Thirdly, to the ſame Axis A B between each 

Wheel in the middle place, put the Pulley K I made hollow for 
receiving the Rope, ro which that one only weight muſt be 
bound, and this Pulley alfo muſt. be movable about the unmoved: 
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faſt in the Pulley, pafles the little round Axis, moving oY 
8 


wards the other end L tis bent like a hook, or bill. Fl 


wi. 44 Ao 


is conveyed with it, whoſe teeth anſwer to the ſlits or cuts of 


the Beam OP; A little arm is erected in the upper part of the 
ſame Ballance anſwering the little tongue, or cock, of common 
ballances to this is affxt the Sphære R of a competent weight. 


Eighthly, to the Tube or hollowed Axis of the Wheel CD, is 
put the little olb A, or ſmooth Wheel, movable together 


with the former, nevertheleſs it hath in ſome certain place of 
its Periphery one triangular tooth erected of unequal ſides, and 
of fach form as you ſee in Wheels, with Jagged, or ſaw- lik e 
teeth, fo that it's ypothenuſe riſes up flendefly from the ambit, 
or Periphery, and at length is ended in the precipice of the 
Catherus, this little tooth about the end of any hour, lifts up 


flowly the little arm C, then when the ballance CKE is in- 


. y v9 ; 2 
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Theſe things thus prepared, underſtand Fir, the Horometric 
Syſtem to be the ſuperſtructure of the toothed wheel C D, and 
the ſyſtem ſerving to excite the ſtrokes is of the other wheel 
EF; moreover from the pulley K I is bung ſome compe- 
rent —_ by the Artifices propoſed before in Problem 
che 4. 1 

Secondly, Underſtand the ballance CK E with the weight R 
to be inclined towards the chronometric Wheel C D, for ſo 
it will come to paſs, that the Wheel half toothed K for- 
ces the Beam O p towards the ſame toothed Wheel 
C D, and together with the Beam, each Cylinder N. 
Ana: . | 111 
28800 , One of the hour Cylinders, viz. N, when in this 
manner it goes back from the jagged Wheel G, it thruſts 
down all thofe hooked rails or bars in its inciſlions; and by - 
the contrary reaſon the Cylinder Q being moved to the jag- 
ged Wheel. H, lifts up all the rails or bars n that part, ſo that 
— Jags in the little Wheel H are in no wife laid hold on by 
nem. f | ; 
Feurthly, When in this manner the weight hung from the 
common -pulley hath a connection with the Wheel C D, and 
none with the other Wheel EF, that Wheel only will incite, 
and not this, and that will be done in an hours ſpace, until 
the tooth ſticking out in the litile orb A, begins to take up 
flowly the little arm C, and with it the whole ballance CE, 
and alfo the weight RK r , ws | 

 Fifthly, The weight:R being inclined beyond the line K R 
towards p, fuddenly ruſhes to the oppoſite part with the cock of 
the Ballance, and together with the half toothed Wheel K, im- 
pels the Beam O P, and the Cylinders. N and Q towards B; 
wherefore the Cylinder N lifts irs hooked Bar, and the Cylin- 
der Q lets it down, and this being received within the jags of the 
Wheel. H, make firm the Pulley K I with the Wheel E E, and 
its Wheels pertaining to the ſtriking, which unlocks the arm 
KE, by a certain Leaver which the Figure doth not ex-. 

reſs. | 
: Sixthly, The hour being declared by ſtriking, the ballance 
OE is again lifted up with the weight R, to the oppoſit part 
by inclining towards O, and that is done by the Phonetattic- 
Wheels, eſpecially by thoſe which are thruſt on immediately 
from the Wheel E F, and which. for every blow or ſtroke ig 
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wont to go once round, and carries in it's Axis a certain heart, 
by help whereof through Leavers diſpoſed to that purpoſe, it 
may be done very eaſily, the Impetus of the Wheels approach- 
ing from the collected motion. t 45 

Note, Firſt, in ſtead of the Pulley K I. a toothed Tympane 
may be placed, which may be moved by another inferior 
Wheel, and it's weight, for the ſame effect will follow, by in- 
creaſing the weight of the clock as much as the thing requires: 
1 the forces of which may be hindred by a 
ſpring, or ſteel ſpire, but only in a fxt, or ſtanding clock, for 
in a portable one the fame foundation remaining of ſhutring 
by the bar LM, the other furniture of the Leavers will be 
otherwiſe diſpoſed to work changes. Secondly, when the Pho- 
notactic Wheels are incited by the weight, the motion of the Index 
ceaſes the ſame time, bur after that manner that either tis of 
it ſelf but little, or tis compenfated from elſewhere ; alſo it 
may be ſo made that between thoſe ſtrickings, the Index ſhall 
not move forward at all, but the more free deſcription of the 
artifice, the brevity of time excludes. Thirdly, if the Chronome- 
tric Wheels are incited not by a ballance, but by a Pendulum, 


the Artifice may be effected eaſily, that that may be appre- 


hended and included in the uttermoſt term of its arches, and 
then the weight being reſtored to its Wheels, tis unlooſed into 
Vibrations, otherwiſe the motion: of the Pendulum once ceaſing, 
it cannot be ſtir'd up again by che weight only; the reſt Heave 
to the Ingenious to conſider. Thus nge. 
And truly this practice is very ingenious. 
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Problem XXV. 


Zo cauſe any ſtrong blow or ſtroke uſually firuck on great Bells, 
by a Hammer, and by great Weights, to be effected by 
much leſſer weight, and fewer toothed Wheels. 


Fig. 101.J Et the Wheel ABCDEF be divided into 6, 8, or 
more parts, in the diviſion of which points make 
ſo many joints for certain equal arms and equiponderant ham- 
mers,or Iron balls,or Globes,to be fixed, yet ſo, that the motion of 
any arm run not out beyond the quadrant of a Circle, vix. 
DGH: To the Axis of this Wheel place a Pulley with a weight 
and one toothed wheel, which 9 turn about a certain axis 
with a ballance, to retard the motion of the whole Engin, and 
alſo the impetus cauſed by this ballance, Goo. | 
Rails or Bars then being advanced ſhutting up the motion of 
che Engin, after which ſome hammer, to wit, DG muſt be 
conveyed perpendicular to an Horizontal ſite, and a little be- 
yond the hammer falls down with a force, and deſcribes 
by its fall the arch G H, and on the brim. of the objected Bell 
ſtrikes a ſtroke, or blow, and becauſe it touches only the 
extream of the Bell, tis preſently withdrawn by the Engin 
from proceeding any further, otherwiſe if the hammer ſhould 
reft a little while, ic would hinder the found of the Bell, ſome 
ſteel plate ſhould be put between by the fide, which ſhould 
draw the Hammer immediately from the bell, and not hinder 
it from tending downwards: And in this manner, much leſſer 
weight being diſpoſed, forces the Hammer and makes the ſtrokes 
more valid, becauſe the Engin is as it were Æquilibrated: The 
ſame may be performed by Iron. Spheres, or Globles, falling 
from on high on the bell, which Globe is again, raiſed to the 


height by a ſcrew with a ſmall power. Or fo "many Globes 


may be placed in an upper place, as are required for all the 
ſtriking of hours for the whole day, as alſo of each hour, Vt, 
Ode of them is freed from the obſtacle that it may fall on the 
Bell, afterwards two, and after that three, &c. according 55 
the number of hours require: The hours may be adorn” 1 | 
divers other new ways to ſhew the diſtance of hours, for I rſt, 
£8 of e 11 


be 
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if you would ſhew not only the hours, but alſo the quarters, 
you may do it by many {mall bells, to wit, make uſe of five 
little bells, whoſe ſounds aſcends. by degrees in a Muſical in- 
creaſe or proportion; and for the ſtroke of the firſt quarter, WM. 
the meaneſt or loweſt little Bell will found Do, or, ut; for the = +. 
ſecond quarter Do, re; for the third Do, re, mi, then follows | 
the ſtroke of the hour ſol, ſol, fol, &c. ſo often as the preſent. 
hour requires: 80 Ear 8 835 CY Is * 5 e | | 
Secondly, the fame may be effected by means of muſical 
Chords, to wit, if you extend them on a table made thin and: 
hollow, either Parallel to each other, or as radius's meeting 
in one point; and they may be ſo fitted and tempered that two 
oppoſits give a Harmony, beginning from perfect and pro- 
ceeding to imperfect, for theſe kinds of Harmony being 
incited, each hour by a diurnal Wheel with two chords, 
will ſignify the hour decreed in a bed chamber, which may be 
heard in a night without the trouble of noiſe; and the Im- 
pulſe of the chords may be repeated three or four times, leſt 
the hearing be deceived, if you have a muſical Inſtrument 
with keys, you may uſe a Phonotactic Cylinder direct to the 
1 with a weight hung to it, by which it will be turn'd 
Out. TILES | TRIO | | 
Thirdly, the thing may be effected likewiſe by the Pipes of Or- 
gans, for if the Phonotactic Cylinder be made and applied to the 
. keys of the Organ, and the Bellows being drawn either artificially - 
by ſome eaſy Engin, or being chce drawn perſiſts ſo, and they 
muſt deſcend by litt le and little each hour while the ſound of 
Hhuouxts is required to be made. eee Fat, 
a Fourthiy, the Strokes of the hours may be made by a military © 
Tympane, or drum, and that moſt eaſily, as to any Induſtrious. 
perſon will appear; yea, we affirm it is not difficult by Engins 
to exhibit to. the ears, any ſtrokes or blows wont to be declared 
by Tympanes, with as much dexterity, as it can be done by 
the moſt skilful Muſick Maſter, both as to the Celerity of the 
blows and the difference of inequality of Percuſſjon, and alfſo 
A to Harmony. or the ſounds of Tympanes in Muſical conſort. 
Laſtly, there is no Mulical- Inſtrument, the Tube or Trumpet 
perhaps excepted, but it may be fo fitted to clock, as to make. 
divers Harmogical ſounds each hour. 
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Problem XXVI. | a 


To procure excited Sounds at appointed times by many Ars. 
Heer. e er ah 


THis Father Schottus teaches at Propoſition the 25th. thus, 
incloſe a Steel ſpire with two little Wheels and a little 
Hammer, within a little bell, and this little Engin: ſtands upon 
or 4 feet, and hath a little tongue ſticking out downwar 
by which the fteel fpire being firſt bent, che motion is imparted. 
to the little Hammer; If then the little Engin be placed above 
the Index of the clock lying Horizontally, or applied vertically 
about the centre of the Index, the feer of the little Engin being 
ſtabliſhr, and that little tongue ſticking out, directed to the 
line of the hour which you deſire to excite, then the Index 
of the Clock being conveyed to the little tongue, and opening 
the incloſure of the little Hammer gives the ſtroke required; 
and after that whenſoever you pleaſe to remove it you may, 
and put it again to the little Engin. F 
Fig. 162. Secondly, if a Clock be required ſhewing only the 
hours, and to hang to the wall of a room; In the wall nigh 
which the weight of the Clock deſcends faſten in A a littie 
arm, or Leaver A B, movable in A, on the end of the Leaver B, 
bind one end of a ſmall chord, than to a little Bar fixt in C 
caſt over the other end of the ſmall chord, to Which bind a 
little ſpar or piece of a ſtick C D; laſtly, faſten a third little Bar 
in E, within which and the end D of the ſtick put the light 
ſtick E D between, ſo that it may ſtick faſt between the little 
bar E and the end D of the ſpar or piece of ſtick, and the 
weight G being hung will therefore ſtick faſt, under Which 
you mult put a braſs baſon, or ſuch like body of ſound, in 
which the weight G falling, excites a ſound; then lift up the 
weight F impelling the Clock, to fo many hours as you deſire 
it to excite, for the weight E being ellapſt in a determined 
time, the ſtick being conveyed ſlowly to E D bares it down, 
and caſts ir downwards: And this obſtacle being taken away, 
the ſtick C D being looſed ſends down with a force the weight 
G into the baſon underneath. "FILE 


| Iiz 755 d'y, 
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Thirdly, for excited ſounds for Souldiers, or Husbandmen, to 
a determined time, you may prepare them eaſily in this man- 
ner, take a piece of match, ſuch as Souldiers uſe, of one thick- 
neſs and denſity every where, try diligently how much the 
fire will conſume of it in an hour, then allowing the length of 
the match for as many hours as you pleaſe, note the end, and 
extend the whole in length upon ſome picce of timber in an 

Horizontal ſite, and a little elevated from the earth: Then in 
the firſt ſign noted in the match, bind a little chord, and to the ſame 
ſome weight, viz. a ſtone, and the other end of the rope or chord 
bind about and make faſt to ſomewhat, as to a wall, or a tree, 
Sc. for it will come to paſs, that when it hath burnt to the 
noted ſign, it burns or deſtroys that end of the little rope, and 
the ſtone falls into ſome Veſſel or table placed juſt under, it and 
ſo makes a noiſe. 

Many other ſuch hke may be thought on which may either 
be applied to Clocks, or may effect ir themſelves, that at an ap- 
pointed time they may waken and raiſe up them that fleep by 
ſome noiſe ; For in the firſt place all kind of Clocks which we 
have deſcribed before, to wit, which are moved in deſcending 
by an inclined plane, that may eaſily be done, if while they 
come to ſuch a line of the hour, they run againſt ſome obſta- 
cle, from whoſe repulſe or removal, a ſound is made, or 
ſome other noiſe excited ; Secondly, we may obtain it by all 
hour glaſſes of ſand or water, for being increaſed by degrees 
by the weight of the water or ſand falling down, it may be 
made, that when it increaſes to ſuch a magnitude the other 
weight ſhall prevail, which either lifts ir up, or being freed: 
from the Impediment it ſhall fall down, &c. | 
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Problem XXVII. 


Divers Ornaments applicable to Clocks, and ſuch lite 

Engins. CARLOS: 7 

HE Ornaments which may be added to Clocks, and other 
Chronometric Engins, are innumerable, for beſides thoſe 
which belong to their Indexes, and the other before mentioned, 
the ingenious Artificer may eaſily invent many other, ſome 
whereof we will ſhew briefly. 5 

Firſt, a Clock may be made which not only declares the 
hours and quarters, but alſo the minutes and ſeconds, and that 
either with divers little bells, or by a muſical Inſtrument of. 
Chords or Pipes. 

Secondly, the noiſe of the foreſaid Harmony may be made, 
either before thoſe ſtrokes can ,publiſh the Muſical conſort, not 
only in ſmall bells, or any other Inſtrument, or alſo more to- 
gether, which may eaſily be done by Phonotactic Cylinders, 
as is ſhewn before; and not only by thoſe Cylinders; but alſo 
by an oblong plane, to wit, if you have a thick plate of mettal or 
a wooden table, to which faſten ſo many ſmall bolts, or pins, 
and diſtant a due proportion between themſelves as the Muſi- 
cal tone requires, ſo that while that plane is moved upward 
and downward to the right hand, or to the leſt, his ſmall pins 
ſticking out, hits againſt the Organ, or other Inſtrument, Cc. 
And this oblong plane may be moved here and there by a re- 
trograde motion, as is ſaid before concerning the Index of 
the like plane at Problem. 17, in which cafe, notwithſtanding, 
it behoves the whole thing to be doubled, to wit, one 
anſwering to one half of the oblong plate moved in one part, 
and the other to the other half in the return of the ſame 

ate. „ 
B That the Clock, or Inſtruments, may be rightly applied, the 
following things are to be obſerved.. Fir/#; the toothed Wheels 
of Clocks which the Cylinder turns about, ought to be ſcituate 
in the middle of the fame Cylinder, or in both ends of it, 
for if it be applied to one end only, ſome: inequality eaſily 
happens to the motion, by the reſiſtance of raiſing the Ham- 

mers, 
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mers, or depreſſing the little hands, &. and the Cylinder 
muſt be exactly turned: Secondly, for each ſmall bell (if yon 
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will make the ſounds on bells) let there be two Hammers, 


two little hands, and two rows of holes in the Cylinder, to 


wit, that any note although ſhort in the tune, may be expreſt, 
when they are doubled, or repeated many times, for if thoſe 
notes be many, to wit, tailed or twice tailed following im- 


mediately, it cannot ſo well be ſtruck by one Hammer, and 


preſently raiſed. Thirdly, the fewneſs of holes for one touch, 


may be ſupplied by the diverſity of ſmall pins, more or leſs, 


ſtretched out without the hole in which they are faſtned: 
Fourthly, to greater Hammers, or greater refiſtings of Elevation, 
Poiſers or weights muſt be hung as much as need requires ; 
Fifthly, the little hands and ſmall pins, are moſt exactly of a 
length. Sixthhy, for accelerating the motion of the Cylinder, 
thoſe wings which catch the wind, or ſmall weights inſtead of 


them, are movable, that they may be moved more or leſs to 
the Centre of motion. Seventhly, when the motion of the 


Cylinder acted by weights, is ſlower in the beginning, a ſtay 
muſt be pur between, of one touch, or a touch and an half, to 
gain the Impetus, before the little keys or pins begin ro publiſh 
the ſtrokes: Eighthly, if the Conſort of muſick preceed the 
ſtrokes of the hours, care muſt be taken that the key opening 


the ſtriking Wheel of the hour be movable, leſt when the 


tunes are ſome ſhorter than others, the ſtroke of the hour may 


be a long time expected. 12 


Thirdly, as Indexes of Clocks, and other Engins, belong to 


the Senſe of the eyes, and of the ſound to the hearing, fo to the 
ſame hour meafurers, other ornaments may be added, which be- 


long ro Odour or ſmelling ; for it may be made that ever 
hour, or at other appointed times, a box or fmall ciſtern may 
open, in which ſome odoriferous body ſmelling very ſweet is 


«cloſe ſhut, and the Odour will diſperſe it ſelf into the whole 
room; in like manner cocks of ſmall fountains may be opened, 


ſending forth Odoriferous liquors, which liquors may be di- 


vers, according to the diverſſty of the hours of the time; yea, 


they may be ſo fine and full of Spirituous rectifcation, that 
they may reſolve into air, and by their ſubtilty vaniſh, their 


Odour only remaining. Neither is it neceſſary to uſe many 


fountains or ſpirital Engins, if fo be you make a ſmall Engin, 


out of whofe cock only; divers liquors run forth every hour: 


Alfo 
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Alſo Odours may be made either by means of perfuming fire 
which may be excited every hour, to wit, by percuſſionghat.the 
next ſweetned matter may be burnt; Or being moved into an 
occult furnace, or lamp, the matter may be moved to them, or 
rather thoſe to it. * 
Fourthly, It may be made, that the clock every hour or ap- 
pointed time, fhall atchieve divers offices of truſt, as it were a 
ſervant, and be dilligent in the Bed-chamber defigned to va- 
rious Offices; ſo Cloks may be made which at a preſixt time 
of night ſhall ſtrike fire and Kindle a light; and in the fame 
manner they may be fo fitted, that they may ſend forth water 
from a fountain, at certain hours for the waſhing of hands, 
or draw it from a well, or fo as to ſnuff candles dexteriouſly, 
at appointed times: Alfo a clock may be made, which be 
ing placed on a Table, may repreſent Baccbus, ſitting 
on a Tun, and at certain times fill pots With divers kinds. 
of wines: Alſo a Statue may be made in the top of the 
Clock Turret, that may unfold a ſtreamer in the morning, and 
fold it up in the evening; and many other ſuch like as theſe 
may be performed: | 177 n o bi RE WET 16 BY © 
Lafly, other Inſtruments may be added to Clocks which 
may ſhew the degrees of heat and cold, and alſo of moiſture. 
and dryneſs, or which ſhall foretel when it will be rain and 
when fair weather, yea, and they may ſhew the winds at any 
time in an incloſed chamber. FINS 580 54 
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N Problem XXVII. : ö 
To mate a Chariot, or ſhip, with an Index of Miles, for the 
meaſuring of a Fourney. FFF 


Fg. 63 N e the compaſs or Periphery of the Chariot 

IVI Wheel propoſed, and. for example let it be 
ten feet; To the Axis of this Wheel A B, fit a ſmall tooth 
E, running on another Wheel D, furniſſ With 530 teeth: 
Again this Axis I E muſt have a mall toqth, like to the ſmall 


. 


tooth of the. former. Wheel in, Which tolds into the tœeih pf 
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248  Mechamck Powers. Book IX. 
the Wheel E P, divided into 12 equal parts, each of which 
conſiſts of 10 teeth, ſo that all the teeth of this Wheel are 
120; Moreover in its Centre G an immovable Index is dif- 
poſed, which will tell the number of Miles and hun- 
dreds of Paces that hath paſſed by the Chariot in the Jour- 
ney ; for each circumvolution of the Wheel A B, that is, 
every two paces that is made in the Journey, one tooth of the 
4 Wheel C D is moved forward by means of the ſmall tooth C, 

and therefore ſince the Wheel CD is furniſht with 50 teeth, 
| its whole circumvolution will be compleated after 100 Paces, 
| and then ir moves forward the Wheel EF by means of the 
Z little tooth E; then fince every part of diviſion of the Wheel 
| E F conſiſts of 10 teeth, after every 10 circumvolutions of the 
Wheel CD; that is, after 1000 Paces, or one mile of the . 
Journey, the Index after that will note another number of | 
Miles; in the ſame manner alrogether the thing way be done 
in a Ship, provided that a Jagged Wheel like to the Wheels 
of Mills be ſo fitted to the fide of the Ship, that it may freely 
| move about the axis, while its Jags hit againſt the water; and 
| this Wheel will be inſtead of the Wheel of the Chariot A B, 
| to Which others are added, as we have ſaid ; for the whole 
| Artifice conſiſts in this, that the circumvolution of the firſt 
Wheel which anſwers the length of the Journey be multiplied 
8 to the other Wheels CD and EF, which may 

e done caſily, and divers ways. WOT 
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Problem XXIX. 


The method of making Archimedes's Screw for the, raiſing of 


water ſeveral ways. 


- Fig\ 164. X Rebimocts his Screw is no other than a'Ciolumn 
it TTY Ber Cylinder, on which # Tube is wound about 
ſpirally, or in the nature of a ſcrew, as appears in the annexed 
Scheam, where AB repr eſents the Cylinder in an inclined fire 
to the Horizon and CO ſhewsthe Tube drawn about lit ſpi- 
rally; and This. abe if one eff it havelan open mouth E, 
pat in the water, fo that the water enter into it, and Ihen the 
* Cylinder 
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Cylinder being duly inclined, and ir being turn'd about by 
the two poles, or ends of the Axis E F that it ſtays upon, 
it will come to paſs that the water - ſerpent by little and little 
will aſcend to the top, and run out at the other mouti D. 
This ancient and moſt ingenious Engin, owns the moſt In- 
genious Archimedes for its inventer, | which firſt uſed it to 
empty water out of the Sreat ſhips of Hiero, King of Syracuſe; then 
the Egyptians uſed the lame, ( witneſs Diodorus Siculus ) to draw 


out the water from the fields drowned hy the River Nyles, and 
Cardan in his book de Sutil, makes mention of a Blackſmith 


firſt inventor of it, for joy ran out of his wits. | 
How much the Cylinder, or its Axis E F, ought to be ele- 


that made this kind of Engin, and imagining himſelf to be the 


vated above the Horizon is not eaſily determin'd,as will appear 


by what follows, although commonly Mechanics (with Vitra 
vius, Book 10, Chap. 11.) require ſuch an inclination as con- 
ſtitutes Pythagoras' his triangle E G F, to wit, ſuch that the 


| fide or Baſe E F which reſembles the Axis of the Cylinder 


ſhall be to the ſide EG, which is the Horizontal line, as g; to 
4, and the fide E G in which the other tide F G falls perpen- 
dicularly, is to EG as 4 tb 3j ]ðĩ5 ⁰d⁰ 6⁰5 
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And the Tube and its Spire muſt be ſo fitted about the 


Cylinder, that each Spire be more or leſs inclined, and more 
or leſs nearer each other by turs . 


Beſides to the ſame Cylinder, (which may be greater or 
ſmaller) there may be put about, two, three, or more Tubes, 


ſo that one ſucceſſively after another may draw the water 
beneath, and may pour it out in the ſame order above. 
Some hide the Tube, or Tubes, within the hollow of the 


Cylinder; or they make the whole cavity, except the Axis in 
the middle, into a Spiral pipe, or Channel, after the manner of 
winding ſtairs, for firſt they make the Channel ſpirally about 
the Axis of ſmall timber, then afterwards they covetĩ᷑ the whole 
all over, that the whole Engin ſeems a meer Column, the 
myſtery lying hid within; Father Chriftepher Grumberger made 
a tranſparent Channel, or ſpiral pipe, covering it over: with a 
Selenite ſtone, or looking Glaſs, that it may appear to the eye 
Ook ing on it, how the water aſcends. 


lf about the Cylinder you fit little boards ſuch as is uſed imm s | | 
Wheels, or a Wheel furniſht with little boards be fitted about the 


ſame, near the lower part B, this part may be ſo kept above the 
127 ⁹—8 | K k Water 
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water of the River flowing, that the little boards may be for- 
ced by the water, and turn about the Cylinder, for ſo the water 


” 


may be conveved from the River into a meadow, or any other 


place tliat you will habe it.. 
Moreover you may raiſe water to any height in a narrow 
place, ix. Within a Tower to the top thereof, as we have 
known done at Auguſta in Germany; to wit, if the ſpiral pipes 
be multiplied, ſo that the water being raiſed by the lower ſpirat, 
and being poured out in D into ſome receptacle, or Ciſtern; 
hencelit may be raiſed higher again by another Spiral, and ſo 
ſucceſſively by more ſpirals, as high as you pleaſe, all which 
Spirals may be moved by one power, viz. by the water of a 
River underneath, or by another animated Power. l 

Thus much as to the making and common uſe of the Screw, 
or Spiral pipe, and you will ſcarce meet with any thing elſe 
among writers, but that which contains the xeaſon where- 
fore the water aſcends by the ſpiral pipe, contrary to its natural 
gravity, you will hear the ſame ſtory among all of them. that 
I have read; water indeed always defcends in the ſpires of a 
Tube, and flows naturally to the loweſt place, hut neverthe- 
leſs in the mean while by turning round of the Cylinder tis 
conveyed to a higher place; like wiſe the weight of the water 
it ſelf, while it advances the ſpiral Tube, or pipe, helps its ad- 
vancment: Some ſay tis done by a certain mixt motion Joyn'd 
together, of the deſcent and aſcent of heavy bodies, Which 
While they affect to deſcend by their proper mation, they 
run through the. Spiral of their own, accord, and the ſpiral by 


tthe turning about of the ſcrew; the weight running down lei- 
ſurehy, and obliquely and as it were by ſtealth, raiſes it up 


0 by degrees, I ſay, you will find theſe, and fuch like expreſſions, 
or meer words which ſound altogether the fame thing. 


That wei may therefore .ſhew the true cauſe of this motion 
clearly and manifeſtiy without ambiguous words, we muſt 


obſerve ſome Experiments approved by us. 


VFirſt, Not only water, or other Liquor, may: aſcend by the 


3 


Tube of the ſcrew, but alſo one, or more Globes of any ſolid 


. Secondly, by how much greater ſwiftneſs the ſcrew is turn'd 
about, not only a greater quantity of water aſcends proporti- 


onally to the greater ſwiftneſs, as if the motion of the terew 


be doubly ſwifter, the quantity of the water will be doubly 


greater 
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greater, which in equal time will be poured out of the upper 
mouth of the Tube, but a much greater proportion, fo that. 
it may happen that the motion of the Cylinder about its axis. 
being put double, the quantity and conſequently the velocity 
of the water aſcending is triple, or alſo quadruple, or quintuple; 
and this appears clearly, if inſtead of water, we; place Bullets, 
or ſmall metallic globes in the ere of the ſcrew ; for it will, 
come to pals, ſometimes, that the ſcrew being” turn d about, the 
Globe will aſcend but very little, or if it aſcends a little, it 
preſently ſlides or falls down again in the Tube, but the ve- 
locity of turning about being red it only aſcends, all ihe 
other circumſtances remaini AGE ame. Ae 
Thirdly, the leſſet the axis Thy ſcrew. is  clevared from | the 
Horizon, the greater plenty of, A aſcen 9, and with more 
eaſe; ſo that the ſcrew, be turn d ck the me velocity, and 


Ae e e de ee g 4p 
Fourtbiy, There is not the ſa me pro rrion 150 quantity of 
water aſcending; through a narraw: Tub . e 


quantity of water aſcending through ee ube, 
as is the Baſis of the narrow / Tube to the Baſi 0 che . — ube; 
for example, let the narrower Tube be A, and the. Tube doubly 


broader (or as broad again, ). I ſay, throu h the ube B there 
does not; aſcend a double quantity of — 4 be e ing 


being alike, but leſs then double, and ey; if there ſhould 


be two Tubes of A, and only one Tul ne hy | 
largeneſs of, this, 2 the. 05 P00 SI 75 alte doub 
largeneſs of the other two Tubes,, anding it will 


dra an equal quantity of water, 15 FG are all 
equal N in tber ame, manner al ike, or f che e 
turn d alike. 
Theſe things being ond, 1 75 1 in the firſt. 68 chat tis 
falſe ybich they.commonly afbrm ( 3s is bald before) that che 
vater dges deſcend in any manner in the Tube of the (crew, 
and much leſs to make a mixt motion by 2 — and deſcent ; 
And chis appears in the firſtplace chiefly. by an experiment of a 
Globe turn d about in aGybedes rough a glaſs Tube, ſo 1 55 
aſcending as tis never diſcern'd to deſcend (1 ſpeak in re- 
ſpect of the Tube) for it runs 8 the upper part of the 
Tube, never „ back ui at lengih it break our at the up- 
Nr e Tube; che, ſame Which appears in che. Aer 
WI +40; None Wi 13 11 W 08 n (557) gd * 101 e 10 
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ſuperfieies of water aſcending; and certainly it ſeems to be 
implied in the terms that the ſame heavy body ſhould aſcend 
and deſcend together at the ſame time, for it will be moved 
together with rwo oppoſite motions, which is contrary; as we 
„e LPS 20 {0 
The reafon then why the water, or Globe, or any other heavy 
body, aſcends through the ſpiral Tube of the ſcrew, ought to 
be ſought from the adherence of the water, or other body, to 
the inward ſuperficies of the Tube, either from ſome rough- 
. neſs of the ſame ſuperficies, or alſo of the ſolid Globe aſcending, 
by reaſon of which the motion of bodies is hindred in their 
deſcent by an inclined plane, Which how. it happens ii the 
ſcrew will be eaſy to explain from what 18 ſuid. L 
1 fay, then the water, or Globè, dotł not always move in the 
Tube, ſo as always to go forward further, but by ſome little 
ſpace of time, wherein the Cylinder is turn'd 'abour, the 
Globe reſts in the ſame part ofthe Tube; but becauſe the ſame 
time, in which the Globe reſts with reſpect to the Tube, that 
part of the Tube on which the Globe reſts, aſcends by the 
turning about of the whole Cylinder, it comes to paſs alſo, 
that the Globe reſting in that part, in the mean While is 
raifed higher from the Horizon, and the other parts of the 
Tube immediately following, obtain a lower ſite With re- 
fpe& to the Globe, which therefore are conſtituted in a plane 1 
omewhat inclined; then the reſt of the Globe ceaſing in that = 
part of the Tube, it deſcends by tliat inclined plane to the ſower 
part, and there it reſts again (för as much as ift it ſhould paſs 
further, it ought to aſcend, Which is contrary to its natural 
gravity Yand while it reſts in that part, tis transfer d again to- 
gether with the Tube into an higher fire, from whence” it a- 
gain roles down by another inclined plane on the other part 
of the Tube; and ſo by degtees is moved forward even to the 
upper mouth of the Tube; and the feaſon of this interrupt ed 
motion, or interpoſition of reſt is, a8 I faid, the adherence or 
roughneſs of the ſuperficies both of the Tube and alſo of tlie 
Globe; for ir comes to paſs that by ſome little ſtays the motion 
is intermitted, while the movable body finds reſiſtance in the 
rough plane. 10 Arn Eil. TO | 101 3 DO) 3G K33Q! 
Fg. 165. And there is another reaſon beſides the foreſaid 
reſiſtance of Roughneſs, of! adherency of bodies which. very 
much moves forward ſuch mation : to wit, the impreſt Im- 
petus 
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petus of motion in the oppoſite part of the Globe, or water. Let 
the Horizontal line be A B, above which the axis of the ſcrew 
AC is raiſed, and let the ſpiral Tube be DEI LMN. Now, 
for example, if the Globe of lcad be in part of the Tube E, and 


4 the Cylinder be turn d about with a motion from E towards 
I G D; while the Globe reſts a little in part of the Tube E, 
: in as much as that part together with the Globe reſting is raiſ- 


ed by the turning about of the Cylinder into a place nearer 

the horizontal line, viz. into P, and in the mean while, the 
4 part of the Tube H is depreſſed to Q; from whence it comes to 
4 paſs that bar of the Tube is conſticured in the inclined ſite P 
I Q and therefore the Globe, which was found in P defcends 
I through that part of the Tube, or inclined plane from P in 

Q where you ſee now the Glo e advanced higher above 
the Horizon; for the point Q is more diſtant from the 
Horizon A B, than the point E, where the Globe was before; 
again in Q, becauſe of ſome refiſtayce which it cannot over 
come through the little ſtay of time reſting, -'tis raiſed. as be- 
fore with part of the Tube in the ſame point Q, then an- 
ſwering to the time, from whence again after reſting, it falls 
don in ane the Tube, and ſo ſucceſſively in de- 
ſcending it truly ia Hut, ot ſo as to aſcend in the ſame 
time in which it , deſcends, and therefore it cannot be ſaid, 


1 
- 


truly ſpeaking, that it aſcends in deſcending, nor that 
=_ _ . :;thart: N is properly compoſed of aſcent and deſcent. 
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by the, adherence tg che inwar 1 of the Tube,, or its 
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aftex..that {mall ſtay, Or little reſt,” and becauſe it deſcends 
more oblique. than before it aſcended, therefore the deſcent 
is leſs, conſider d F hogs and in a perpendicular line than 


is the aſcent; and therefore after all the deſcents it will be 
e e 


Add, that after each deſcent, to wit, after the deſcent from 
G in E, it doth not preſently reſt in the loweſt place E, due to 
it naturally, but by the acquired impetus in deſcending b 
the inclined plane G E, it aſcends alſo further, wiz. to H, e- 
ſpecially ſince, the point of the tube H deſcends in the mean 
While, and paſſes away the globe, that therefore it may ſhun the 
2 from E in H, by being ſucceſſively lighter, and aſcend 
Aller. | 


. nere Sy, 
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Finally, to the facillitating of this motion of the globe the 
impreſt Impetus of the tube concurs to the oppoſite part of 
the motion of the globe, for it is found by experience, that 
the Globe deſcends more ſwift on an inclined plane; being 
moved. ( for example) from the Faſt towards the Weſt, if i 
the mean while that it deſcends, the inclination remaining the 
ſame, the plane be transfer'd by an oppoſite motion, to wit, 
from the Weſt towards the Eaſt; ſince therefbre while" the 
Globe deſcends, by the inclined part of the Tube from G in 
E, or alſo while it aſcends further from E in H, the Tube 
by the Circumvolution is moved by an oppoſite motion from 
H towards E and G, it come to'paſy/from ſuch motion, dt 
from the oppolite Impetus of the Tube, it acquires à greater 
velocity : But likewiſ: this muſt be obſer ved, that as often as 
the oppoſite Impetus of the Tube, or of the inclined plane a- 
vails to the velocity of the motion of the globe, ſo often rhe 
Globe ſuffers ſome rubing or wearing with the plane that lies 
under it: Wherefore from the beginning to the end, all the 
reaſon of the motion of the Globe in tie ſpital Tube of tc 
ſcrew, ſeems to be founded on the foteſaid adherence, ox r q 
fiſtance of bodies in the contact of fuperfities. ' And What 
have ſaid concerning the Globe,” the ſame may altogether be 
ſaid of water, or of any other body, nbtwithſtan ing. we 
have made uſe of the Globe, in the example, becauſe if the 
experiment be made, as we have oftentimes done in it, All 
theſe things clearly appear, which hitherto” we have ſaid ; 
And that the Globe may be manifeſt to the eye, and the reaſon 
of its motion may be obſerved, Either we'mulſt make tiſe of a 
glaſs Tube, or the ſecret hollow Channel about the Cylinder 
'muſt be of tranſparent ſtone to ſee through'; or you may 
_ eaſily put a double wyre about the ſpiral Cylinder, fo that 
that Iron thred, or wyre, touch not the Cylinder; bur ſtand 
above it about half an Inch, and the fare diſtance All en 
it ſelf, and therefore ſome quadrangles intercepr the Pace of 
way, on which the Globe is Place 8 ft Fee DP a channel, 
or Zroove. ay 82 : n it] by es 2 RL * Hu 10 e N 
From what hath been ſaid tis manifeſt," in tlie firſt place, 
how the motion of bodies which are raifed by means of this 
Engin, are reduced to motion by aß inclined Plane. Wm 
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malces the ſame aſcent more abundantly ealy ; for 


Wass ene 1 
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75 Secondly, a reaſon appears why the turning the Cylinder 
about with a greater velocity, or more ſwifily; that ir doth not 
only raiſe, greater plenty of Water proportionally, bur-alfo 

| tly ſince the 
oppoſite motion of the Tube avails much to the aſcent of the 

Water, as we have ſaid, by how much ſwifter this motion 
is, which is made by turning about of the Cylinder, by ſo much 
the more the aſcent of the water is advanced. | 
Add, that that little ſpace. of time which the water or the 
Globe reſts in ſome lower part of the Tube tis raiſed higher 
that therefore the reſt ceaſing it ought to deſcend leſs, an 
after the deſcent tis now much higher raiſed above the Horizon 
than before: moreover, ſince that little ſtay of the Globe hap- 
pens from the impediment, or roughneſs of the Tube, ſuppoſe 
the Globe to be in E, and ſome impediment or roughneſs in 
the Superficies of the Tube, to be in its way on the part to- 
wards H; when this kind of rouglineſs is moved forward to- 
wards P or G, and let that which raiſes the Globe be as far 
as P, if the Tube be moved more ſwiftly, it impreſſes a greater 


Impetus, and raiſes it higher. 


__ Thirdh, tis manifeſt alſo, why if the ferew be leſs elevared 
above the Horizon, that the water aſcends the eaſter, I ſay, the 


_ eaher, that is, with lefs force and labour of him, or that which 


turns the Cylinder: (for if the Cylinder being turn'd about 
with the ſame ſwiftneſs, an equal quantity of water ſhould aſ- 
cend, whether it be more or leſs inclinded) the reaſon is 
manifold: Firſt, becauſe when the Axes AC are more Elevated 
the weight gravitates more upon the prop of the Axis in A. 
but leſs upon the prop in C, bur if the Axis be Teſs raiſed above 
the Horizon, or comes nearer to an Horizontal ſite, the whole 
weight is diſtributed to the Props A and C with leſs inequality, 
from whence it comes to pals that the Circumvolution or turn. 
ing about is eaſier. Secondly, aud chiefly becauſe the entrance 
of the water into the Tube by the lower mouth. D, reſiſts and 
ſtrives againſt the weight or preſſure of the water Which is in 
the whole Tube, and that weight or force of preſſure is not 
computed from the quantity of water which is in the Tube( for 
that is always the ſame whether the Cylinder be more or leſs in- 
clined) but tis computed from the greater or leſſer perpendicu- 
lar CB; therefore When the perpendicular C B is greater, the 
water exiſting within the Tube preſſes more, and reſiſts more the 
8 enter 
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enterance of the water by the mouth O, ſince therefore that farce 


or preflare ought robe overcome by the power turning the Cy- 
linder, as-often as the mouth D draws new water, it appears 
why the ſcrew being elevated higher is moved with more 
difficulty: Hence you may be ſatisfied that tis falfe that ſome 
ſay, that water therefore aſcends eaſier by a {Crew leſs elevated, 
becauſe the way and acclivity of motion is leſſer, as if water 
in aſcending by a plane more ſteep is alſo more wearied;which 
is fooliſh : Hence alſo iris, that a ſolid Globe is eee 
with equal facility through the Tube of the ſcrew, het 
the Cylinder be more or leſs inclin'd; for in this cafe each rea- 
ſon aforeſaid ceafes, and the ſecond reaſon ceaſes wholly, ſince 
in each circumvolution of the Cylinder a new Globe is not 
raiſed, but that only which is moved forward in the Tube: And 
the firſt reaſon alſo hath ſcarce any room, if we fuppoſe the 
Cylinder alone not to gravitate much upon the Prop or; ſtay 
on which the ends of the axis reſt upon. Pies = Shai 
And from hence it appears why it cannot be determined, 
how much the inclination of the Cylinder ought to be ele- 
vated above the Horizon; for this ought to be conſider'd nor 
ablolutely, but with reſpe& to many other things, and chief- 
ly to theſe three, to wit, to the velocity whereby the Cylinder 
is turn'd about; for if it be rurn'd about more ſwiftly it may 
be more elevated, and nevertheleſs the water will aſcend 
through the tube. Secondly, to the greater or leſſer adhe- 
rence of the water, or other Liquor, to the inward ſuperficies 
of the ſpiral tube; for when this adherence is greater, the 
water doth leſs gravitate upon the lower mouth of the Tube, 
and beſides it more eaſily contains the Impetus from the mo- 
tion of the Tube in that manner which is ſhewn a little before. 
Thirdly, and chiefly to the obliquity of the winding compaſs 
of the Tube, for if the ſpiral or winding compaſſes be thick- 
er and cloſer together, and more near each to other, the Tube 
will be longer, and therefore the way and motion of the wa- 
ter longer before it comes to the upper part of the Tube, but 
nevertheleſs by reaſon of the greater obliquity of the ſpiral, 
the lower water gravitates leſs, and aſcends eaſier, and there- 
fore the Cylinder may be raiſed higher above the Horizon. 
According tothe variety therefore of theſe circumſtances the 
inclination of the Screw may be varied: Notwithſtanding this 
univerſal precept muſt be obſerved, to wit, that the e 
3 mae ener 31 ELN Seer 5 | 
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A C be nevef elevated above C, to ſuch an height, that the 
— the Tube DE or IL or MN appear parallel to the 
Jorizon AB; for the point of the Tube D 3 to be high- 
er than E, and the point I higher than L, and ſo of the reſt; 
otherwiſe the water being in part of the Tube D E, will flow 
out at the mouth D before it be moved forward any further 
in the Tube. 8 ö 
Fourthly, from what is aid, that queſtion may be re- 
ſolved, to wit, whether or no tis moſt convenient to have one 
large Tube to turn round with the Cylinder, or many ſmall 
ones: Father Grymberger affirms, that if one ſpiral Tube cir- 
cumſcribe the whole Cylinder, ſuch a ſimple ſcrew will pour 
out as much water, as if there were many Tubes, and ſome- 
what more, and he aſſignes this reaſon, becauſe many ſpirals 
of a Tube by reaſon of their thickneſs which they muſt have 
ought to occupy more room in à Cylinder than the thickneſs 
of one. + Bur although this be moſt true, yet our queſtion is 
not whether more water may aſcend by one Tube only than 
by more; for example, unleſs three Tubes taken together are 
oy to one other larger Tube, tis certain that greater plenty 
water may aſcend by that one larger Tube; but the queſtion 

is, whether or no ſuppoſing that thoſe three Tubes, be exactly 
equal to the Capacity of one larger Tube, and let the Cylinder 
be capable, that is fited either to the three ſmall Tubes, or 
to the other larger one, I ſay, tis to be conſider' d, whe- 
ther to make uſe of the one large one, or thoſe three ſmall 
ons ien d o 74 19016 013 07: 58 94 1 heb, | 
And to this Queſtion I anſwer,” It would be better to uſe 
three ſmall Tubes ( ſo that they do not gravitate more by their 
weight on the prop ſuſtaining the Cylinder) than one larger; 
and not only becauſe ( as we have ſaid appears) in the fore- 
faid experiment) that they raiſe more water; but likewiſe 
becauſe aſcends eaſier, and with leſs ſtrength of the power 
moving the Engin. The | reaſon is, becauſe although the 
three Baſes of the leſſer Tubes be equal to one Baſe of the 
larger Tube, and they are ſuppoſed all of an equal height, 
nevertheleſs it gravitates or preſſes leſs in the triple baſe, or 
in the lower mouth of the ſmaller Tubes, than the water gra- 
vitates in one baſe only, or in the mouth of the larger Tube, 
and that therefore becauſe although the Capacity of the three 
Tubes be equal to the Capacity — one Tube, aeverticlath : 


' 
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the inward ſuperficies of the three Tubes is at leaſt doubly. 
greater the inward ſuperficics. of the one larger Tuhe, andifinee: 
the adherence of the water is greater where the fuperficies is 
greater to which it adheres, and ſince it aſcends eaſſer and 
gravitates leſs upon the baſe When the adherence is greater, 
it appears to gravitate leſs. on the baſes of the three Tubes, and 
in them the water aſcends. more eaſily: I add alſo, that the 
water is. eaſier drawn if it be drawn ſucceſſively by7many 
Tubes by one circumvolution of the Cylinder, than it dhe whole 
be drawn with one turn by one Tube 
From the foreſaid greater adherence of the water of the 
ſmaller Tubes it comes to paſs alſo, that although the Cylin- 
der be turn'd about with lefs ſwiftneſs, yet the weight of the 
- water cannot ſo eaſily overcome that adherenge and fall back 
again downward, as happens in wider Tubes, which unleſs 
they are moved ſwifily the water by its weight eaſily goes 
back more. | i; 2 eds. An 16% 21010 
Hence alſo: we eſteem it a thing not altogether impoſſible to 
to make a {crew with ſuch artiſice, that by means thereof the 
perpetual motion may be-obtain'd, for the aſcent of water or 
of other heavy bodies ſeems eaſieſt of all by the {crew. w. 
And that this motion may be rendered yet eaſier, ſome in- 
genious things occur to my mind which L believe may be 

made uſe of with ſome profit. 5 in 1969 
The firſt. is, when you put one or rather more Tubes about 
a Cylinder, within each of which you may put cotten thred, 
extended from one end to the other; for by this means the 
adherence of the water increaſes, and creeps along more 
eaſily through the Tubes, although the quantity be leſs, all 
one as if one large Tube were divided into many ſmall 
ones. 160-29 a een 
Fig. 166. The Second is, ſince the rubing or wearing of the 
Poles of the Axis on the Prop or ſtay. on Which they reſt, is the 
chief impediment of all, to the Circumyolationiof: the Cylin- 
der, and ſince there is a greater rubing and reſiſtance on the 
lower Prop A, by the greater gravitation there than in B, the 
rubing may be hinder'd, if not wholly, at leaſt in great part, 
by affixing a Wheel, or rather a Tympane CD, to the lower 
part E of the Cylinder A B, which Tympane muſt be hollowed 
within or void, not only the lower part D, by reaſon of its 
lighktnels will fwim upon the water, but alſo it will ſuſtain the 
— | F Cylinder, 


* "x * * 


Cylinder, fo that its Pole A within the notch of the Prop 
may be turnꝭd about without any reſiſtancgcge. 
Tig. 167. The third is, that the Cylinder be made of light 
matter, for the lighter it is the eaſter tis turn'd; wherefore 
it will be ſufficient to fit the Tubes ſo, and to turn them about 
in. Spirals, that they will need no Cylinder to ſuſtain them; for 
it will be ſufficient if in the extream heads of the Tubes, you 
it twWo little Wheels AB, CD with their Axes fixed in the 
Centers. For unleſs they be very big and large, and the Cy- 
linder very long, they cannot eaſily be bent by the water, 
or by their proper weight, and eſpecially if they are made of 
rough matter, vix. of thin Iron plates cover d over with Tin 
or Glaſs, &. Or if you fear the bending of the Tubes, you 
may fit here and there in ſtead of the whole Cylinder, two 
or three rulers extended according to the length from A to C, 
and from B to D, which rules or Spears ſupport the Tubes, 
leaſt they bend in the. middle. Likewiſe you may ſo turn 
about many ſmall Tubes ſpirally, one immediately near to a- 
nother, that they being all united together, make one whole 
Cylinder, or rather a Tube, Which reſembles a Cylinder made 
ee 
Fourthly, If you deſire to raiſe not Water but a ſolid Globe 
by à Pulley, you need not make uſe of a Tube; two iron 
wyers turned about ſpirally parallel to each other, and faſtned 
to the extream heads in the Circumfèrence of the little wheels 
AB and CD, . will be, fit for that phrpoſe ; and thoſe wy- 
ers ought to be ſome what leſs diſtint from one another, than 
the thickneſs or diameter of the Globe; for fo the Globe will 
he detain'd within each wyer always in the lower parts of the 


ſpirals, and will aſcend by degrees by thoſe ſpirals being turn d 


= 


Fig. 68. Alſo it may be made of two thin plates of Mettal, 
or ot ane only made hollow after the manner of a Channel or 
Groove; yea, we have made à ſcrew fir to take up a leaden 
Globe or Ball of an inch Diameter, of thick paper or paſtboard 
-turn'd about ſpirally, to wit, the Tube of them which com- 
poſe a Telleſcope we have cut ſpirally, ſo that the Globe is de- 
tain d within the ſpiral cleft, and will aſcend by the ſame Ctr, 
the Tube being turn d about. Moreover one plate of mettal 
only may be turn'd about a Cylinder which aſcends Tpirally, 
and ſticks out every where _ the ſuperſicies of the Cylinder, 
10 5 „ One 
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one or more inches, according as the magnitude of the Globe 
to be raiſed requires, and the plate muſt be of ſuch a breadth, 
as is the Diameter of the Globe, or a little more, and erected 
perpendicularly upon the ſuperficies of the Cylinder, and one 
ol its ſides faſtned to the ſame Cylinder; then the Cylinder 
being elevated in an oblique ſite to the Horizon; for Exam. 
ple, in the ſite A B, and che Axis leaning or ſtaying upon its 
prop, the hollow plate of mettal D C is fitted under the Cylin- 
der, which remains unmoveable in the ſame oblique ſite, and 
then being diſtant a little frem the ſpiral plate, fo that as it 
were, it is razed by the ſubjected channel or hollow plate be- 
ing turn'd about. Then if you place a Globe on this, and 
turn about the Cylinder, the ſpiral will move forward the 
Globe by that inclined. Channel from D in E, and from E to 
4 F 3 Or. ü | | | = I x 
The ſame power or ſtrength muſt be applied here; as a 
ſcrew hath to raiſe water, or another body, of which we have- 
ſpoken elſewhere concerning the common Screw; for as you 
ſee the motion or elevation of weight by this ſcrew of Archi- 
medes, is indeed a motion by an inclined plane, where thar 
univerſal principle always takes place, that the increaſe of force 
35 taken. from: the: proportion of the velocity of the power mo- 
ving, to the velocity of the weight moved; wherefore;, if for 
example, as in the preſent figure the ſpiral being four times. 4 
turn'd about, the Cylinder be 12 feet, and the Globe aſcend. 
from D to F, in the plane or inclined. Channel D C two feet, I 
the power as 2 may raiſe the weight as 11. 
What we have ſaid hitherto concerning à Cylindric ſcrew, 
may alſo be underſtood: of a Conie ſerew, for inſtead of a 
Cylinder we may uſe a Cone to which the Tube may be ſpirally 3 
turn'd about, as is commonly known. And although ' ſome 3 
pre fer a Cone before a Cylinder, yet we ſee not any effect 
that it performs better; therefore ſince a.Cylindric ſcrew is 
eaſier prepared, we may ule the ſame moſt ſafely, and-perhige* 
moſt profitably, at leaſt in many caſes;'- 1 15 0 
Many other things occur which may be faid concerning this: 
Engin, which in our opinion are very Ingenious, for writers 
have ſcarcely fhewn any thing worthy of conſideration to- 
Peoſterity in this matter although it be very capacious, as may 
be eaſily underſtood from thole things which we have 'briefly- 
ſhewn, with which we ſball conclude this ninth and 2 
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or n Powers. Givit re WF hononr d ie e 
that great Maſter of Arts, and Fountain of all Wiſdom, the 
Omnipotent God Bleſſed for evermore. 


I had here put an end to Mechanick Powers, but meeting 
with ſome new inventions relating thereto,” lately publiſtu in 
France by an able Nut hennatician Which if put in practice may 
be uſeful and beneſicial in Engins; I thought ſit to add them 
* way of Appendix, and they are theſe that follow. 
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Fg. F the circle ABD be rouled or turn'd about upon the: 


x69. arch A## of any Circle, the point D which is the- 
f extream or end * the Diameter A D, will by its mo- 
— 71 * deſcribe che Line D 14. 15, MJ 17 Which is 
called an E Epicycloid.. T JOf1 10 18 5757 
K circle A BD is called the generating eiue of che Epi- 
ui 29895104 % e195m 176 1 
* . A b A is che Baſe of the Epe⁰¹,., I at reps 
If the generating, circle roul on the out fide of ha gircle of ; 
the Baſe, The E Epicycloid is called Exterior, or Outer: Bur if the 
generating circle roul on the inde of the circle, the. Epioycloid 
is called Interior, or Inne. 0 
The ſpace contain d by che rnit and by i is Baſe, is cal- 
dias rhe be 72000 of the Epicycloid.. 
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ie Dime ion of the Space of the - Epicyclid. 


| . Lemma I, 
IT 3111 A 343 þ 123 {1} | 37 4 
Hg. Eriche Senlehrtle be. AP vB. u whose eter is AB, 
170. (} andiits centre Kz having drawn the line P pere, 


c A . and meeting che circle in ihe points Pe, from any 
point C of the diameter A B drawn longer, draw the lines CP, 
C 

_ 11 ſay, the ſum of. the right. lines: C A, C P, is to. the ſum 
of the right lines C B, Cp, as the difference of the right pon 
CB, Cp isto the 1 5 of the re lines A A, p; 


elle, ot is 8 the ice 
of che li A 3 


their 
beagle Made of the ſam of the- lines Rd Abs 


Giffcrenge. 
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n 1 the right lines PX, p G, 
BM neue parallels to the baſe A V, cut the ſide C A, fo _ 


the ſum of CA and CP, be to the ſum of Cp, CB, as the 


difference By the Segment of the laſt, to the differenge PA 
of the firſt. 


I ſay, that the Trapezias M P, A X are equal between them- 
Lelves. wag bikes 
Dll Trae ib 2406 38 60101 20 Dior d Off $5; = I 15 8 L 
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Fig 172. Let the Semicircle: be. AD E Bü ad on i its diame- 

ter 11 B prolonged or not prolonged, let the point C be taken, 
180 1010 any right nne DE -: ra the diameter N B 
which meets with or touches the circle in the points E; 
From the Centre C, with the Semidiameteis CHD CE, 
CB, deſpflbe the arches! of circles A P, D PG, EG H, BI, 
Which meet with any right line as CF drawn from the centre 

| '©, in the pöints F., H.,. 91 . | | 


1fay, that the fourſi ny 7 5 es ar GP, #1 HIB. are 
* bürctcern hnemſelves. q 
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b nÞS1109 516 moths "1, Demonſor@ion,.. i 
Make the right line A f equal to the arch. A E, which muſt 
make with the diameter Q thę right ang C AF; having 
e C draw alſo che right lines P g, p b, By, parallel. to 


Tis evident by conſtruction that che triangle C A f is equal 
to the Sector CA E: In like manner, the Triangle C Pg is equal 
to the ſector CPG, whetefore if from the equalꝭ C A CA F, 
you take away the equals Cg. G, che remain will he equa], 
to Wit, the Trapezia AP g, and the four ſided mixt figure 
Ap GF. We may; demonſtrate in the ſame manner that the 
Trapezia pi B. is equal to the mixt figure HI. 


1 % = -. 


nth ſum of the right lines © p,1CB, as the 
Py CB which, is p;B, sto the dilterence,pk, C Ay;G E, which 
is AP; wherefore by the 2d. Lemma the Trapezia A fp p will 
be equal to the Trapezia nh i B. and the mixt figures A F G p, 
pH IB which are equal to the Trapezias are alſo equal between 
themſelves. 14 if] 2 
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7 Fig TEES If the circumference of the Semĩcircle A B D be 
divided into equal parts between themſelves in the points 
EF GBH I, Oc. and the number of theſe parts he even 
and egi and ON the diameter, A D prolonged on pot 
prolonged. you draw from the point as a centre the arches: 
of a circle, whoſe radius s are the N A, MEN E, TG, 
Ce. and let the length of the arch A d deſcribed ii h he point 
A be equal to the circumference; of the Semicitele A B D, and: 
let the Arch A A be divided into as, many equal parts eg h as. 
is in the Semigircle AB D: Then haying drawn rhe Rad from 


— 
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the centre Y to the diviſions eg by Gre, then you, Wi have 


the mixt four ſided figure A HNA (divided. into an indehnite 
number of little —＋ four Adel 190185 Wh All jw, the: 
following, properties. 41 d 

Becauſe the equal diviſions of the Semicirgle may he drawn 
Which will be parallel to the diameter 
therefore by the zd. Lemma the four 
X z. 4 4, will be equal between themſelves being equally re- 


But by the firſt Lemma the ſum of the right e 1 
difference f 


A of (the eircie; 
qed figures dx RA. 
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Book X. 
moved ſrom the extreams: But alſo thoſe which are contain'd 
between tlie ſame circles will be equal between themſelves, 
becauſe of the equal diviſions of the arch A d; wherefore 
the 4 ſided figure A e Er will be equal to the 4 ſided figure 
X24 

We hay demonſtrate in the ſame manner that the 4 ſdec 
figure 2 X 4 f is equal (0 the 4 fided: sure d 3K or 8 7. 
and ſo of the reſt. Wed V1.) 10T9ob on 

Tis evident in eich Sector a8 wi X 4 0r Yd 15 that the 


four ſided ſigures are equally removed from the extreaths; as 


2 X and 3 # are alſo equal between themſelves; for the 4 ſided 


af 60 Xx and d u are equal, the 4 ſided figures Xx and. d s are 
ſo 


equal by the foregoing Lemma: Wherefore if the greater 
be taken um tlie leſſer, the remains which is the 4 ſtde wh 
TRE? 2 * and 225 will de equal, ] and fo of the reſt. _ \ 
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The ſame 5 being pur as before and in the fue figures, 


if you draw the diagonal line DLMNO 4, compounded of 
an indefinite number of frall'tight-lines, which in the 4 fided 


figure A DX d, divides in two diagonal wiſe all the ſmall 4 

ſided figures, which are in the diagopal from the angle D even 

= d, or appears in the figure, by the lines D L, LM, M N, 
e 

> e the 4 F: ded figure A DX 4 is divided in two, 


equally by the! din gonal D Od, 


Tis not Aiffcule 2 at all in this her to grant de chi mall di 
agonals which: are from right lines, divide in two equally their 
particular quadrilaters, or 4 ſided figures, and that rhe differ- 
encewhichiis berween the true diviſion and this, is not found con- 
ſiderable, and ſeeing we may always find a leſs magnitude than 
euer 'becaule that the quadrilaters which are divided, are 
ſed le nennen "Rik Amal as is commonly” accepted in the uſe 

CO rifles int 
Now by that which is ae müT met in the pkccden ien 
tis evident that the Quadrilater AL is equal to the quadrilater 
XR; In like manner the Qnadrilater e M is equal to the Qua- 


drilater 4 Q the Wen N equal to the * Fr b, 


and (8 of ite reſt ö 
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Bobk N. Mechanick Powers; 2656 
Wherefore all the like Quadrilarers together on one fide 
of then Diagonal DE MNG P, Gr. will be equal to all the 
jadrilaters on the other fide.) But the line, DLNO PA 
nich divides diagonal wiſe albthe ſmall Quadrilaters which 
Are in the diagonal, is ſuppoſtd to divide alſo in two equally 
all thoſe quadrilaters; . — this diagonal, which may be 
conſider d as a crooked line, divides equally in two all the great 
. f AD Xa; Which was to be OILED: 1s „ 

DIvD ei 1 „Dt too A a ee vine. no ,n A as { 
23 nog 1 4A 5 che al " Anis * Kt 18. 
Lnogrtd 2<3 75 fact | mri yams 4 1 

2 we ſuppoſe that the point *. which i 18 taken on the au- 
meter A D is infinitely lengthned from the circle A B D, there 
may be xight lines perpendicular to the Diameter A D, in 
ſtead of the Arches of circles, which paſs through the points 
DKIHA ef which A d is one, Which is put equal to the 
circumference of the Semicircle AB D, and hich is divided 
into ſa many equal parts, as is the Circumference ABD; 
and laſtly, inſtead of the mixt Quadrilaters, or 4 fided fi res, 
as thoſe before, you will have Farallelograms, Which, ing 
. equally removed from the Extręams, will be equal between 
themſelves, and thence it follows likewiſe that ks diagonal 
which divides diagonal wiſe all che little Parallelograms, Which 
are from one angle to the Ader will divide 4138 ele grept 
err e into two banal. vr] 241 C 1 
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Eg. 169. The Ame ching benz ut 4 & before, if you mats 
the f EST ANY AB N to ſet forward, fo 8315 diameter A? 
be placed on the part e 8 of the Radius T 8e, and that the 
point A agree with the point e; tis evident that the point! 
of the diameter will agree, or be in the point L of the Radius 
Ye; Moreover if we make it to paſs 1 5 to the Radius rf, 
and thar' the point A fall on the point f, the whole diameter 
AD will agree with the right Rae fg rhe pbint n of he 
diameter of che circle A D B will agree with the point M, and 
ſo of the reſt: Whence tis evident, that all che points of rhe 


(> of 


diameter A D, as Dim u, 0 deſcribe Ns diagonal line 
DLMN Ad. 8 nr 
* in 14444 i N 3's 4 "IAA 28 ot 1936111 + ED 1 1865 0 * 
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3 Bur if inflead of tempering dae ire A BD, e concieve it 
to roul on che baſe A hd; when the point E of the circle is. 
come to e, the diameter of the circle E 10, will be joyned 
Wh the right line e 8, for by the Hypotheſis the arches AE, 
Ae areequal in length; and from the ſame, when the point F | 
is come to 5, che 7 F 11 will be joyned to the diameter — 
Ff9 and ſo of the reſt. But if you mark the diſtances: A, 
Am, An, on every diameter, as E rz, F 1 13 Cc. it is evident, 
* while the circle ABD rouk: dn the baſe A b d, the points 
1 of every diameter meet one another in the diagonal. 
une B NOPAd: For when the point A of the circle is 
: - = to e, the point 12 on the diameter E 10 will be in L, 
decauſe that the diſtances 10, 1% D are equal ; ; and TR the 
lame reaſon the point 13 will be in M, C. 
But moreover, when E 10 is placed on e 8, and the point * 
on the point L, the point Doof the circle ABD Will be in the 
point 14 on the arch / 14 v: For the Semicircle 8, 14, e re. 
preſents the Semicircle E D 10; and as the arch 10 5 is equal 
to the arch D K by Conſtruction, when 333 10 by the 
movement of the circle s come to the point 8, the point D 
' will ofneceſſiry be on the point 14 in the arck L. K l. 14 2 ; ſo 
that the portion L 14 of this arch by be equal to the Portion. 
LK of the ſame arch: In like manner, when the point 11 is 
eome to the point 9, the ſame point D will be on the point 15 
in the arch M x5, ** that the arch M 15 will 'be oqual. to the. 
arch 1 GG dns 
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Fe JN the precedent. Figures "ris > LL eee char:the "M pace 
of the moĩety, or half of the Epicycloidi Ad 17 75 15, 
k 8. Þ equal to the half ofthe 9 4 A:b JX.D, Joined to 
| the enerating ſemicirck ABD. _ 
Fig. 173. f have ſhewn befor that the line DM 02 di- 
eb " wi S the mixt quadrilater A#4XD. in two equally; it re- 
mains then to demonſtrate that the ſpace D L OG QA 1, 16, 
3 D, contained by the line D-M'O Q's, and by the balf of 
the Fpicpclad D, ks, 16, 1, d, is equal to the generating ſemi⸗- 
..cvele DEA. | 
By conſtru&tion, the whole generating ſemicircle is divided 
into mixt Quadrilaters, as 1 cl u, and into two Uilined, * | 
| 0 5 z line 
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3 lined . (1 „ TEA: But alſo the ſpace DMOQ#4 
17, 16, 15, th D, is divided by the ſame circles deſcribed from 
the centre Y, into ſo many 4 ſided, and 3 ſided (or; lined) 
figures, as are in the generating ſemicircle ; fo that the arches 
a 5 circle contains ſo much in the generating Circle 
which in the ſpace are equal between themſelves, as the arch 
M 15 in the ſpace is equal to the arch M in the ſemicircle, 
which is evident by the formation of the Epicycioid: Where- 
fore the mixt Quadrilater, as L 14 15 M in the ſpace is qual 
to the mixt quadrilater LK I in the ſemicircle, for they 
| have the ſame breadth, and are incloſed in equal arches :, Bur 
each of theſe Quadrilaters equal in the circle and in the ſpace 
being conſider d as Indiviſibles of the one and the other, it 
will follow that the ſpace will be equal to the ſemicircle; which 
Was to be demonſtrated. | 


Scholium. 


Keeping to the ſame Demonſtration, if we ſuppoſe thar che 
point Y is infinitely. removed from the. baſe A d, which baſe 
is a right line in this caſe, and the Quadrilater A d X D is a 
rectangle, which is then equal to the generating ſemicircle 
ABD taken 4 times, as appears by its generation: Where. © 

fore the ſpace A þ d 17, 16, 15, D, will be equal to the ſemi- 
circle A BD, taken twice together with the fame ſemicircle 
which is equal to a ſemicircle taken 3 times; the lined 16 D 
in this caſe is called Cycloid, or Trochoide, and ſometimes a little 


ps PROPOS. II. 


= - e ſpace of the outer Epicycloid is to its generating circle, 

| | J as 3 times the diameter of the circle which is the baſe, 
8 together with 2 times the diameter of the generating circle to 

the diameter of the circle of the baſe. . ee 
But the ſpace of the inner Epicycloid is to its generating cir- 
cle, as 3 times the diameter of the circle which is the baſe, _ 
leſs 2 times the diameter of the generating circle, to the dia- 


© 


meter of the circle, which is the baſe. 
5g SE e 144 e 
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The Dimenſs on” of the © Lines of 
Epicycloids. 


14 of: the. ronching of E picyeloide. 
Lemma 1. 1 72 40 

Ng. 74 1* ib circles be EB F, FH which youth vathy 
| other outwardly in F. Having join'd the cen- 

tres K C by the right line EK C which paſſes by the point of 

contact, or touching F; from the extream E of the diameter 
F E, draw a right line E B, pr olonged to the other circle in H. 
1 day, that che arch FH is greater in OI; than the arch FB; 


* 


Lemma 2. 

Let the 2 circles be EB F, FH l, which touch each other in F; 
from the centre K of one of the circles draw the line K BI, 
meeting them both in B and in I. 

. I ſay, that che arch Lis greater in hd 5 the arch FB. 


. S 1 on 
Problem. . OY 
To a the point of Contact, or touching of the outer Epicychidl. 


Fig. I Et the outer E Jeyeloid be'G H M, whoſe baſe is the 
175. L circle G A, deſcribed from the centre C. And k the 
generating circle IH A D of the Epicycloid be placed in ſuch 
manner, that the deſcribing point H be on the Fpichcloid in 
that point in which the touching is made : If by the centre 
C of the circle of the baſe, and by the centre O of the genera- 
ting circle you draw the right line C A Ol, and by the ex- 
tream I of the diameter A 1 you, draw the right line 1H to- 
the point fl. 


| point H. 


' $8.5 3 


* . 37 
Hg. 176. Let the two circles be F A E, FR D which touch: 


each other in F, having their convexitics of the ſame fi ide, and 


that the centre C of the circle E R D. be out of the. diameter FE 
of the circle F AE; having. drawn a right line EAD from 
the extream or end E of the diameter F E, which cuts the cir- 
cle FA E in the point A, and the circle FR Din the point ” 

L ſay, 


J fay, the. right. line, TR touches the e in the 


Ftv k 8 FE 2 n w n by 
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FW that the, arch FRD is, more in length than the eu A. 


1 Fete Lemma 4. 

rig 177. Let the two circles be FS, FR de couch 1 in P; 
and that have the convex parts of the ſame (i de, and let the 
centre C of the greater be on the diameter of the leſſer length- 
ned; if you draw the line C R D from the centre C which 
cuts the 2 Circles in R and D. 
1 fay, that the arch FR of thi leer! is greater in lengeh 
than the arch F D of the greater. . 


1 ROH. 1. 
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7 0 27 * aa of the inner | Epicycloid. 


An Advertiſement., ANA enn 
T.. are three kinds of inner Epicycloids ; the firſt is when 
the Diameter of the generating circle is leſs than the ſe- 
midiameter of the circle which is in the baſe; the ſecond, when 
tis equal to it; and the third, when tis greater; we have ſhewn 
at the end of the Dimenſion of Epicycloids,that is among the in- 
terior or inner, that thoſe that are of the firſt and third kind or 
ſort, are the ſame; for that whoſe diameter of its generating 
Circle is leſs than the femidiameter of the circle of the Baſe, is 
the fame as that which on the contrary, the Diameter of its 
generating Circle is greater than the ſemidiameter of the circle 
of the Baſe, if the circle of the baſe is the ſame, and that the 
generating circle of this laſt, have its diameter equal to the dif- 
ference which is between the diameter of the Baſe, and the di- 
ameter of the generating circle of the firſt; wherefore I ſhall 
ſpeak only here of thoſe Epicycloids,. whoſe diameter of the ge- 
nerating circle, is leſs than the ſemidiameter of the circle of 
the A For that which is, of the ſecond kind / of inner Epi- 
e tis a. mw line wane the diameter of * the circle of : 
the ba 
Fig. 178. Let the inner Fpicychid be M H, whoſe ball is 
the circle AB M, and its centre in C, and let the generating, 
circle 1H A of the Epicycloid, be. fo placed on the baſe, that 
the point deſcribing H be on the Epicyc/oid. From the centre 
C of the baſe huving drawn the radius C A tothe point touch- 
ing A of the 8 circle with the baſe,. which paſſes al - 
ſo· by the centre of the circle. ".. Litho 
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I ſay, that the right line 1 H drawn from the extteam I of the 
diameter of the generating circle to the deſcribing point H, 
will touch the Epicycloid in the ſame point H. 


Lemma 5. 


Fzg. 179. Let the ſemicircle be 8 T AR, whoſe diameter 
is SR, and let the circumference be divided into any number 
of equal parts that you pleaſe, ſo they be even. From the 
points of Diviſion having drawn the perpendiculars to the dia- 
meter 8 R, and the touchings as T B which are terminated at 
the neareſt perpendiculars which are beneath. 

[ fay, that the ſum of the touchante, as T B, without coun- 
ting the firſt which is infinite being drawn by the point 8, and 
the laſt; is greater than the circumference of the ſemicircle, 

without counting the firſt and che laſt arches of Diviſion. 


| 
Lemma 6. | 


The ſame things being put as in the precedent Lemma, it 
may be demonſtrated, that rhe diviſions of the circle being in- 


definitely ſmall, che ſum of the Touchants cuting as thoſe be- 
fore, without having regard to the firſt and laſt, differ not ſen- 


ſibly from the circumterence of the circle, leaving out the firſt 
and laſt arch of Diviſion. | 


Lemma 7. 


The ſame things being as before, it may be demonſtrated 
that the ſum of the parts as A B which are cur off from the 
perpendiculars of the Diameter of the circle, between the cir- 
cumference A and that which is cut off B of the upper rou- 
chant T B, which is the neareſt, may be found leſs than any 
ſmall quantity which may be propoſed, and by conſequence 
the . as B, may be conſidered as on the circumference of 
the Ccucle. 


Lemma 8. 


| E In the circle DH B whoſe centre is C, and the 
touchant D A in D, terminating in the Radius CBA length- 


ned; 


* 
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ned; having divided the arch D B in two equally in , and 
having drawn C H G terminated by the touchant D A. 
I ſay, that the double of the touchant D G, or which is the 
ſame thing, that two touchants together D G, H R, touching 
in the points D and H, and terminating at the radiuſſes C G, 
C A, are greater than the arch D H B, but that the difference 
of theſe ſame touchants from the arch DH B is left leſs than the 
half of the difference between the touchant D A and the fame 
arch D B. | | 

But as in the continual Biſection of arches, we may demon- 
ſtrate always the ſame thing, it follows, that we may find a 
fum of rouchants terminated at the Radij, which paſt through 
the points touching the next following, which will differ from 
the circumference of the ſemicircle leſs than any quantiry 
propoſed; and by conſequence theſe touchants may be con- 
ſidered as the arches of che circle in a diviſion indefinitely 
ſmall, | £ 

Lemma 9. 


The fame things being as in the precedent, J ſay, that the 
fam of the portions of the Radij H G, B R, contain'd between 
the touchants and the circle is leſs than the moiety or half of 
the portion B A of the Radius contain'd' berween the circleand- 
the touchant D A; and for as much as this diminution which 
is augmented more than half, will be always by the continual 
biſection of Arches, tis evident that we may find a quantity 
which will be the difference of the Radij between the touchants 
and the circle, which will be leſs than any ſmall quantity pro- 
poſed; whence it follows, that in the diviſion of the circle into 
indefinite ſmall parts, the meetings of the touchants with the 
Nadij may be conſider'd as if they were on the circumference. 
of the circle. 


Lemma. 10. 


"Tis ſaid in the 6th. Lemma, that in the diviſions of a circle 
indefinitely ſmall, the portions of the cizcumference differ not 
ſenſibly from the touchants, being leſſen d. by the method pro- 
poſed; and that theſe touchants may be taken for the arches of 
the circle, we may now demonſtrate che ſame thing in the Epi- 
&ycloids, and in the Cycloids. Ss on 
| Lamme 
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Fi. 181! | The ſemicircle; B D A: being: divided. inrg -pares 
indefinitely ſmall as D F, and by the points. of diviſion as E, 
having drawn the lines M F Z perpendicular to the diameter 
A B, and by the extream B of the diameter A B, and through 
all thoſe points of diviſion as D, having drawn the right lines 
B D M terminating in M in the perpendiculars M F the near- 
eſd tu ie loweſt. io goil ure wilt i n 6 

Ifay, that the ſum of all the portions, as D M of the lines 
B D M iu the ſemicircle, is equal to the double of the diame- 
ter A B. F 2 CEEF7 17 get 5 
ieee iin n IAE ' nnn 18 
dei U EN , 0 bus ; bro 
Say, that the bigneſs of the crooked line of the Guter Epi- 
cycloid is equal to the right line, which hath the ſame rea- 
ſon or proportion to the diameter of the generating circle ta- 
ken 4 times, as the ſum of the diameters of the two circles, to 
wit, of thegenerating, and of that of the baſe; to the diameter 
of the circle ot. the baſe. WIS! 3 | Sed | - = | 3 4 
N h . 
1 crooked line of the inner Epicycloid is equal to the 
right line, which is to 4 times the diameter of its gene- 
rating circle, as the difference of the diameters of the circles 
of the baſe and of the Generatour, to the diameter of the cir- 


n 


PROPOS. V. 


Fig. 8 the firſt place, I ſay, that when the Diameter 
| of the generating circle is equal to the dia- 
meter of the circle of the bale, the Epicycloid degenerates into 

a right line ſince, tis nothing but the diameter of the Circle. 
Sccondly, If the diameter AB of the generating circle of the 


x 


eitcle of the baſe, bur leſs than the whole diameter; I ſay, 
that the inner Epicycloid- is the ſame as that whichsis N 


* 


Wen. 
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inner Epicycloid, is greater than the ſemidiameter CB of the 


— 


— re 
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bed by the circle D E F, whoſe diameter D E is the difference 
between the diameter A B of the generating circle, and the 
diameter G B of the circle of the baſe, and the diameter D F 
will be leſs in this caſe than C B, we may find the bigneſs of 
this Epicycloid by the 4th. Propoſition. 

Thiraly, if the generating circle have its diameter greater 
than that of the circle of the baſe, the Epicycloid which will be 
deſcribed by the generating circle will be an outer Epicycloid, 
which will be the ſame as the Exterior which will be de- 
{ſcribed on the ſame baſe, by another circle whoſe diameter 


is equal to the difference of the diameter of the generating 
Circle and of that of the baſe. 


Lemma 12. 


What is faid at Lemma 11. touching the likeneſs or propor- 
tion of DQ to D M towards the parts of the baſe of the Fpicy- 
cloid, will be the ſame as for the parts above the point D. 


This Pmopo/. is evident, fince we may make the triangles alike 


with the parallel lines on both ſides the point D, as appears in 
the Figure. ' A 43 


Lemma 13. 


Fig. 83. Let the Semicircle be AM CI, whoſe circumfe- 
rence divide into parts indefinitely ſmall as CI, IX, from the 
points of diviſion CI X having drawn the perpendiculars CB, 
IE, XR to the diameter A M, and the Chords AC, AL A X, 
which meet with the Perpendiculars of the neareſt diviſions 
from above to the points FR. 

I ſay, in any Segment of the circle which you pleaſe, that 
all the portions together of the Chords, as CF, I KR, contain'd 
between the circumference of the circle and the upper perpen- 
dicular, are equal to the double of the Chord A C; and by the 
ſame reaſon all the portions taken together in the ſemicircle, 
are equal to the double of the diameter, which is alſo the 
Chord of the Semicircle. 


Nn | PROPOS. 
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Fig. FN the Epicycloid P D, whoſe top is P, and any arch P D 

184.1 from its top, the generating circle BD A being put fo 

that the deſcribing point be in D, and that the diameter A K 

B in this Poſition tend to the Centre C of the baſe. 

I fay, that if we make it, as C A the radius of the baſe, is 
to C K compoſed of the Radius of the baſe and of the Radius of 
the generating circle, ſo the double of the Chord B D of the 

arch B D of the generating circle which anſwers to the arch 


P D of the Epicycloid, is to a fourth Proportional; that line 
will be equal to the arch PD of the Epicycloid. 


Of the motion or rouling of Epicycloids, and of the Cycloid. 
| Lemma. 


Fig. T ET the line DTFB be always crooked on the ſame: 
185. fide about which apply a flexible line; if we open 
or unfold part of this applied line, fo that its part AB bet wen 
its extream A and the curve in B be ſtreicht out, then by con- 
fequence it will be a ſtreight line. 

I ſay, that the right line A B touches the curve or crooked; 
in the point B. from whence it begins to extend it ſelf. 

The line deſcribed by the end A of the flexible line which 
3s always ſtretcht out in its opening, is ſaid to be deſcribed b 


the rouling of the curve DT FB. 
RO NOA. 


The Line deſcribed by the rouling of an Epicycloid, is an 
Epicy cloid. 1 1 


Fig. T ET the Epicyclbid be B D L, its generating circle FD E, 
186. its centre b, and whoſe circular baſe is AE L and: 

the centre C, the top of the Epicycloid let be the point B. 
if from the centre C and the Scmidiameter CB we deſcribe 
the circle B F M, which let be the baſe of the Epicycloid B G K, 
whole generating circle will be F GH, which has for its dia- 
meter FH or BI, which may be determin'd by ſaying, as CA 
| | f 18. 


<9 CE 


— — — 
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is to C p, ſo is 2 E For 2 A B, to a fourth proportional EH 


or AI; and having taken from A I the diameter A B of the 
generating circle, there remains BI or F H, which will be 
the diameter ſought. | N 

I ſay, that the Epicycloid B G K is deſcribed by the Roling 
of the Epicycloid B DL. By conſtruction, and by the prece- 
dent Propoſitions of the dimenſion of the lines of Epicycloids, 


it appears that the Curve of the Semi Epicyc/oid B D Lis e- 


qual to the right line A Lor LK. | 

Now let the fiexible line be fitted about the Semi-epicycloid 
BD L, of which the portion from the point D even to the top 
B will be extended in the right line D G; this right line D G, 
by the precedent Lemma touches the Epicycloid in the point D; 
Wherefore if we put the generating circle of the Epicycloid 
in the poſition F D E, or the deſcribing point being in the point 


D; it is certain by the property of Touchants of Epicycloids that 


the right line D G touchant, paſſes through the extream F of 
the eos pang E E, in the poſition F DE of the generating 
Circle. | 50 

Having prolonged CE F to H in the circle I H K concen- 
trique in the circle of the Baſe, which is deſcribed on the 
Semidiameter CI; on F H for a diameter deſcribe the Semi- 
circle F g H. I have demonſtrated that the extream G of the 
flexible line ſtretcht out from the point D, will be on the circle 


Fg H. 
5 Tf the point G is not on the circle Fg H, and the right 
line DF G meet, if it may be the circle F g H in any point g; 
then draw H g; becauſe of the Semicircle F g H, the angle 
F g H is right, and the rectangled Triangles E D F, Eg H will 
be like, becauſe of the equal angle at the point F. Wherefore 
E F will be to F H, as F D to Pg; and being compounded, E F 
will be to E F more FH, that is E H, as D F to D F more 
"Fg, that is D g; and by doubling the Antecedents 2 E F or 2 
A B, they will be to EH or AI, as 2 FD to D g. 
By Propoſ. the 6th. of the dimenſion of Epicycloids, and by 
conſtruction; as 2 AB are to AI ſo CA is to CP: But as 
CA is to CP, ſo is the double of the Chord D F to the 
_ bigneſs or 'Magnitude of the portion DB of the Epicycivid, 
- Which portion by the roling is equal to the right line DG: 
Wherefore by equal reaſon 2 A B are to A 1, as 2 D F are to 
D. But I come to demonſtrate that 2 A B are to A l, 2 8 
* 4 210.9 is HS 25 E op N u 2 | | Fl " 
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F Dare toDg; then 2 DF are to DG, as 2 FDare to D g, 
and by conſequent D G will be equal to Dg: then the point 
of meeting of the right line D F G, and of the circle F g H, will 
be the extream G of that line. | | 
It remains now. to demonſtrate that the point G is in the 
Epicycloid B K, uhoſe generating circle is FG H. By con- 
ſtruction C A, is to CP, as 2 A B are to A I; by dividing, 
CA is to CP leſs C Athat is A P, as 2 AB to A leſs 2 AB; 
but by doubling the Conſequents, C A is to 2 AP which is 
equal to AB, as to 2 A B tO 2 A] leſs 4 A B; and by com- 
pounding, CA is to C A more A B that is CB, as 2 A B to 
2 AI leſs 4 AB more 2 AB, that is 2 All leis 2 AB, or only 
2 BI, as it appears in the figure. „ 
But in taking the half of the Terms of the laſt proportion 
CA is to C B, as AB to BI: But allo as CA is to CB, ſo is 
the length of the arch A E to the length of the arch BF. 
Now by the generation of the Epicicloid B D L, the arch of the 
baſe A E is equal in length to the arch of the generating cirele 
FD; but becauſe that the two circles FD E F GH touch each o- 
ther in E, the line D FG cuts the two arches alike FD, FG, whoſe 
lengths keep between themſelves the ſame ratio or proportion as 
thoſe of the Chords FD, FG, or thoſe of the diameters FE, FH : 
Then the arch F D is to the arch F G, as F E to FH; or as AB. 
ro BI, which is alſo as CA to C B, or as the arch A E to the 
arch BF: But the arch A E is equal to the arch F D; then the 
arch B P is equal to the arch F. G of the circle EG H, and by 
conſequence the point G is that which deſcribes the Epicychoid 
BG K; which was to be demonſtrated. Dl RE 
For the inner £picycloids we may demonſtrate the fame 
thing, only changing the form of the proportion; And for 
the Cycloid tis ealy ro behold by the ſame demonſtration, that 
the line which is deſcribed by its roling, is the Cycloid equal to- 
that which is role. % / Mk 
Corollary T. 


Hence it follows alſo by Hypotbeſis that the 3 lines CA, CB. 
C I are continual proportionals: For CA is to CP as two AB. 
io Al, in dividing and doubling the Conſequents, CA will 
be to 2 C P leſs 2 CA, as 2 AB to 2 A I leſs 4A B: But 2 
Cp leſs 2 CA are e jual to 2 AP or to AB; and as 2 AB to 
2 Al leſs 4A B, ſo AB to AI lk 2 AB, wherefore CA is 
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to A B as AB to AT leſs 2 AB: But in compounding, C A is to 
CA more A B which is equal to CB, as AB t A B more 
Al leſs 2 AB, which is equal to BE; and by Altern propor- 
tion C A is to AB, as CB to BI; ; lally, being Compounded 
CA is to CA more AB which is equal to CB, as C B-ro CB 
more B L which 1 is equal to CI. 


1 9959 Corollary. 3 


"Tis WAY as yet that the line which is. 8 by the 
roling of a circle, is the laſt of all the outer Epicyels; as, that is 
to ſay, that whoſe centre of the generating circle is at an 
infinite diſtance; or that which is deſcribed by the end of a 
right line which roles about a circle in the Touchant, which 
doth. agree with the roling of the circle, 

Tis eaſy ro demonſtrate that the ſuperſicies of che figure of. 
this kind of Epicychid, when the deſcribing line runs oyer the 
whole circle of the baſe, or that it comes again to the ſame 
thing; The figure deſcribed by the roling of the whole circle, 
' without comprehending the circle which makes the roling, 
is: equal to one third of the cirele hh hat for Radiya the 
circumference of the circle of which the, roling is. made 
What I fay-of the whole circle, the ſa ſame is intende ded f of, gvery 
part of this Figure. For the figure deſcribed by the, rolin g of 
any arch of a circle, without; comprehending any thing of 
that circle, is equal to + of the Sector of a circle, which has 
for Radius the circumference of, that arch, and, of which the 
arch is like to that of which the roling is made; 5 It will be alſo 
the ſame thing for the roling of a greater arch, and of the 


whole circle. For that which is the crooked, lire of this 


Epicycloid, or of that which is deſcribed by the 20/08 22 an 
Whole circle or of any arch, Which ſhall. be always e Bal to 
4 half of the circumference of the circle or 
wie rake g of the ſu perficie, fox the een. of che Fi Foe ici 
| ſcribed: by the roling. e d 
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towards B, and movable on the plane about its extream C: if 
the Extream D of the line A D is led into E and R, by the line 

CB, which moves it ſelf on the point C 
I ſay, that if the lines A D, C B, be placed on the line C A 
which Joins the Centers of movement, and the points D and 
B be put one upon another, there will be two powers equal 
between themſelves, which will act with all their force on their 
lines in the points D and B, that is to ſay, ( with direction ac 
right angles \ theſes powers will bein N but it the lines 
change their poſition, as A D into AE, and CB into CB E, 
the Powers equal to X being applied always in the ſame man- 
ner to their lines, and to the ſame places, they will be no more 
in Fquilibrio, but to make them in Equilibrio, we mult have 
another power Y greater than X applied in B, on CE. and 
this Power Y ought to be fo much greater, as the line: CB E is 

Fee Sora Bioorg Tee 

From the centre C and Semidiameter C D or CB, having 
deſcribed the circle BB, tis evident that CE is greater than 
CB. But from the point E having drawn E G perpendicular 
to AE, and E FM perpendicular to CE, aid by the point A 
Having alſo drawn H A M parallel to CE, ĩf from any point F 
of the line EF we draw the line E G parallel to C E, the two 
triangles F EG, ME A will be alike, for they are rectangled, 
and their angles in the point E are equally together to a right 

angle, becauſe of the right angle A EG. 310 
If we ſuppoſe now the part E F indifinitely ſmall, tis evi- 
dent that the line C E cannot be moved from E to P about 
the point C, without cauſing A E to move to G about the 
point A. But it follows from the Laws of Mechanics, that to 
make an Equilibrio between the power X applied to the ex- 
tream or end E of the leaver A E, which moves according as 
the line E G, and between the power Z applied to the end E 
of the-leaver C E, which moves according to the. line E; it 
is neceſſary that X be to Z as E F to E G, that is to ſay, as 
A M to AE: In fine, if we ſuppoſe the power Y applied to B 
on the leaver C E in the Wink B, tis evident, that to make an 
Equilibrio between Z and J, it. is neceſlary that 2 be to Y, as 
C to CE: It follows therefore, that for to make an Equili- 
brio between X apptted*co on the end of the leaver A E, and 
applied in B on the: leaver C E, it muſt be that X muſt be 
to in the compound proportion, of A M ta A E, and of CB 
* | tO 


| 
| 
» 


AC, than when tis nearer. 
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to CE, which is the ſame as that of er AM, CB, 
to the rectangle AE, CE. But in the rectangle triangle 


AME, the fide AM will be always leſſer than the Hypote- 


nuſe A E; and by conſtruction C B will be alſo always leſſer 
than C E, whence it follows, that the power Y will always 
be greater than the power X, and that the more the lines 
CE, A E are removed from the line A C which joins the cen- 
tres of the movement, the more the power J ought to be 
greater for to make Equilibrium with the power X. 

Fig. 187. We may likewiſe demonſtrate the fame thing af- 
ter another manner, m keeping to the common principle of 
the ballance, or leaver. For 15 on M A lengthned, we take 
AH equal to A E, and conſider CE and M A H as two hori- 
zontal Leavers, the points of whoſe props are in C and in A, 
and that the end E of the leaver C E have a weight called Z, 
this weight will have the ſame endeavour on the 
the elbow leaver HA E, as on the point M of the right lea- 
ver or ballance H A M. For tis evident, that the weight X 
in the point H, will be to the weight Z, as AM to AH, or 
AE its equal. But now if inſtead of the weight Z applied in 
E on the end of C E, we ſubſtitute a weight Y applied to the 
point B of the ſame leaver CE, for to make the ſame endea- 
vour as Z in E, it will be, that Y will be to Z, as CE to CB: 
Then the weight X will be to the weight Y for to make an 
Equilibrum in the compounded proportion of A M to A E, and 


of CB to CE, as before, whence follows what was propoſed. 


1 Corollary. 7 


It follows from this demonſtration that a power applied in 
B to the end of the Leaver CB, will not act equally a- 
gainſt another power applied in D to the end of the line AD 


in the meeting of its extream D, when theſe lines are different- 
ly poſited, their powers will always be applied in the ſame 
points of their lines CB, A D, and they will act perpendicu- 


larly ; But then one muſt be ſo much greater as the line C B.is 
more removed from CA. ena rn 

If you intend the contrary, the power which acts muſt be 
applied to the end D of the line A D; for this force or power 
ought to be leis when the line A D is more removed from 
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towards B, and movable on the plane about its extream C: if 
the Extream D of the line A D is led into E and R, by che line 
CB, which moves it ſelf on the point C. 
I Tay, that if the lines A D, C B, be placed on the line C A 
which joins the Centers of movement, and the points D and 
B be put one upon another, there will be two powers equal 
between themſelves, which will act with all their force on their 
lines in the points D and B, that is to ſay, ( with direction ar 
right angles "theſe powers will bein pers; but it the lines 
change their poſition, as A D into AE, and Cg into CB E, 
the Powers equal to X being applied always in the ſame man- 
ner to their lines, and to the ſame places, they will be no more 
in Eguilibrio, but to make them in Equilibrio, we mult have 
another power Y greater than X applied in B, on CE. and 
this Power Y ought to be fo much greater, as the line: C E is 
eee e to bf 3d 
From the centre C and Semidiameter C D or CB, having 
deſcribed the circle BB, tis evident that CE is greater than 
CB. But from the point E having drawn E G perpendicular 
to AE, and E FM perpendicular 20! CE, and by the point A 
Having alſo drawn HA M parallel to CE, if from any point F 
of the line E F We draw the line E G parallel to C E, the two 
| triangles F EG, ME A will be alike, for they are rectangled, 
| and 4 „ 4 in the point E are equally together to a right 
| angle, becauſe of the right angle A EG. 195 16 
4 | If we ſuppoſe now the part E F indifinitely ſmall, tis evi- 
dent that the line C E cannot be moved from E to P about 
the point C, without cauſing A E to move to G about the 
| point A. But it follows from the Laws of Mechanicks, that to 
5 make an Equilibrio between the power X applied to the ex- 
Y tream or end E of the leaver A E, which moves according as 
| the line E G, and between the power Z applied to the end E 
g of the-leavet C E, Whieh- moves according to the. line EF; it 
| is neceſſary that X be to Z as E F to E Gy that is to ſay, as 
A M to AE: In fine, ifywe ſuppoſe the power Y applied to B 
YH on the leaver CE in the Dink B, tis evident, that to make an | 
| Equilibrio between Z and V, itis-necellary.. that-Z. be to J, as 25 
| C; to CE: It follows therefore, that for to make an Equili- 


| brio between X apptted*ro Eon the end of the leaver ¶ E, and 
1 'Y applied in B on the: leaver C E, it muſt be that X muſt be 
0 Y in the compound proportion, of A M ta A E, and of CB 
i to 


| 
| 
0 


AC, than when tis nearer, 


— ES . 


Book X. Mechanick Powers. 279 
to CE, which is the ſame as that of the rectangle A M, C B, 
to the rectangle AE, CE. But in the rectangle triangle 
AME, the fide A M will be always leſſer than the Hypote- 
nuſe AE; and by conſtruction C B will be alſo always leſſer 
than C E, whence it follows, that the power Y will always 
be greater than the power X, and that the more the lines 
CE, A E are removed from the line A C which joins the cen- 
tres of the movement, the more the power J ought to be 
greater for to make Equilibrium with the power X. 

Fig. 187. We may likewiſe demonſtrate the fame thing af- 
ter another manner, in keeping to the common principle of 
the ballance, or leaver. For 15 on MA lengthned, we take 
AH equal to A E, and conſider C E and M A H as two hori- 
zontal Leavers, the points of whoſe props are in C and in A, 
and that the end E of the leaver CE have a weight called 2, 


this weight will have the ſame endeavour on the point E of 


the elbow leaver HA E, as on the point M of the right lea- 
ver or ballance H A M. For tis evident, that the weight X 
In the point H, will be to the weight Z, as AM to AH, or 
AE its equal. But now if inſtead of the weight Z applied in 
E on the end of C E, we ſubſtitute a weight Y applied to the 
point B of the ſame leaver CE, for to make the lame endea- 
vour as Z in E, it will be, that Y will be to Z, as CE to CB: 
Then the weight X will be to the weight Y for to make an 
Equilibrum in the compounded proportion of A M to A E, and 


of CB to CE, as before, whence follows what was propoſed. 


It follows from this demonſtration that a power applied in 


B to the end of the Leaver CB, will not act equally a- 
gainſt another power applied in D to the end of the line AD 


in the meeting of its extream D, when theſe lines are different- 
ly. poſited, their powers will always be applied in the ſame 
points of their lines CB, A D, and they will act perpendicu- 
larly ; But then one muſt be ſo much greater as the line C B.is 


more removed from CA. 


If you intend the contrary, the power which acts muſt be 


applied to the end D of the line A D; for this force or power 
ought to be leis when the line A D is more removed from 
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PROPOS. II. 


Fig. 187, F He ſame things being put as in the precedent, 

188. I ſay, that if on the circumference of the cir- 
cle B B as a baſe, we defcribe the Epicycloid B H, whoſe gene- 
Tai ing circle is D E R, and Radius the line AD, the crooked line 
of this Epicycloid being join'd to the Radius C D of the baſe, 
and not making with it the fame mixt line, as in the poſitian 
where it was deſcribed, in any place which CB is placed out 
of CA; and the end D of the line A D, being put on the E- 
picycloid in E, the power Z which is applied in E, at the end 
of AF, as tis in the precedent propoſition, will. be in Equi- 
librio with the ſame power Z, which is applied in B to the 
end B of the line CB, and which acts on the point E by 
means of the curve of the Eyicycloid B E. 

Fig. 188. Tis eaſy to ſee in this figure by the forming of 
the Epicycloid, that in any poſition, which the line CB is 
in, which is joined to the Epicycloid, the Arches B B will be 
always equal in length to the arches D E of the circle DER; 
wherefore let C B be in any place, and the power applied in 
B cannot move it ſelf through one arch B B, without moving 
the other force applied in E on the end of the leaver A E, by 
an arch E E equal in length to the arch B B; whence it follows, 
that the powers being equal they will remain in Equilibrio; 
which was to be demonſtrated. 

Fig. 189. We may alſo make this Demonſtration as in the 
precedent propoſition; and we ſhall find that the ſame me- 
thod which is managed in the inequality of powers, will lead 
us here to equality by compounded Reaſon: For if we ſup- 
poſe that the end E of the leaver A E hath the power X A, 
which acts according as E G perpendicular to A E, and that 
in the point E at the end of C E, there be a power V which acts 

according as E F perpendicular to CE; -'tis evident by the 

nature of the Epicycloid, that the line N E drawn by the end 
N of the diameter DAN to the point E, will touch the Epi- 
cycloid in that point; and that as when the point E of the end 
of the leaver C E ſhall have run over a ſpace E FP indefinitely 
ſmall, the ſame point E of the end of the leaver A E will be 
come to G, where the line F G, parallel to E N, meets E G 
perpendicular to A E; for the ſmall portion P G of the Touch- 
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Book X. Mlechanicl Powers. 281 
ant E N/ may be conſidered as the ſame curve But having 
drawn F C which meets the circle BB in L, the arch 8 L of 
the circle BB between CE and C F, will be equal in length 
to E G by 8 of the Epicycloid; for when the point 
E of the Epicycloid ſhall be come to G, the beginning of the 
Epicycloid B on the circumference of the circle B B will be- 
come to O; ſo that the arch B O will be equal to 8 I. 
The Power X runs over then the ſpace E G, when the pow- 
er V runs over E E, and for to make an Equilibrium between 
theſe two powers, it muſt be, that Z muſt be to V, as EF to 
E G, that is to ſay, in reciprocal reaſon of the ſpaces run over. 
But laſtly, if we fuppoſe the power Y in the point 8, or in the 
point B, on the circumference of the circle B B, and that ic makes 
Equilibrium with the power V, it will come to paſs that V 
will be to J, as C B to CE; then the power X will be to the 
power Y, in the compound reaſon of E F to E G, which is the 
ſame as E F to SL, or that of C E to CS or C B, and of C B to 
CE. But this compounded reaſon is a reaſon of Equality, where- 
fore the powers X and Y ought to be equal for to make Equi- 
librium between themſelves, being applied, as we ſuppoſe, 


which was to be demonſtated. 


Corollary. 


That which I come to demonſtrate of the Epicycloid de- 
ſcribed on the circle B B, for its baſe and for its generating cir- 
ck D E, whoſe Radius is A D, the meaning is the ſame, if the 
Epicycloid be deſcribed on the circle D E for the baſe, and 
that the generating circle be the circle B B, and its Radius C 
B; for the movement or motion will be always equal from 


one fide or toter. ” 5 
2, l e ee Bt Tos! 
How to make the Application of motion equal to Engin. 
Fig. 1 L. Fade be a circle BO L whoſe centre is C, 
LL and another circle D E F whoſe centre is A: 
On the circle BO L, as a baſe, and for a genenerating circle 


D E E, deſcribe the Epicycloid B VH, and divide the circum- 


ference of the circle B O L into any number of parts, as here 
| Oo into 
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into eight in the ints BKL 85 and to each. of theſe points 
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apply a portion of the Epigyelojd B V H, in K I, L M. which 
ginning in the points K I., Oc. 


We may likewiſe take as great a portion of the Epicycloid 


will be the ſameè as if the Epicycloid had been deſeribed, be- 


as we pleaſe.as B VIH, nd by this means make the diyiſſons of 


110 


| ; £ = - al - . 9 & - j 15 
the circle leſſer or fewer. Thi” figurę B VH G may be the tooth 
of a wheel Which may be Mrs by merit in f 


. : | * 


We may then form a, wheel on the model of x Ercle with! 
its reeth,” and make it move on the centre C. | 


cumference of the wheel B O L, equal do the weight R, hung 
and applied ro the circumfetence ot the wheel D E; theſe two: 


weights will then abide 3885 in Equilibrio in any manner 


that the teeth of the Wheel BO L meet the pins of the wheel 


But if we apply a weight P to the circumference of another 
wheel 8 T, which hath its, centre common with that of the 
wheel BO L, and which is faſtned with it, this weight P will 


be to the weight Q, as CB to C'S, the weight P will be ſtill. 


in Equilibrio with the weight. R, in all the different meetings 
of the two wheels; for the weight P making Equilibrium. 
with the weight Q it will alſo be in Eq 
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oY Wing vas tit 1 p | v 1 : 
Tie being diſpoſed as in 4 gl 1 ſay; it mat- 
ters not whether the diviſions of the wheel BK L be e- 
qual between themſelves, that is to ſay, that the teeth be e- 
f quall ' diſtant: one to r pj nor the Peg DEF on the Era 
k cumference of their Wheel. £1 {1 2.01440 un n 
N It matters not whether it have one or "onde teerb f hed 


; wheel B K L, which act all together oi the pins of the wheel 
«| DEF, for there will be no more but the ſame force which 
will be applied againſt that of the wheel DE F. If it have 

but one, as B VH, all the force of the weight P, will act againſt // 
that of the weight R R, in meeting with the peg 3 5 

Fig. 190 you would baye to together EU erde * H ane 
KI, of Which the firſt acts on the peg the other on 
the peg E, tis evident by the conſtruction of bu teeth, that KI + 
will Rave as much force or power on the, peg E;;againft the 
weight R, as B VH on the peg D againſt the ſame weight R; 
and by conſequence the force, of the weight P diſtributes ir 
ſelf equally to theſe two teeth, each of which counter-ballan- 
ces the moiety, of the weight R: It will be the ſame thing. 
if you have three or more which at all together? 

Thus it matters not if you have one or more teeth Which 
work all together, and tis indifferent what part of the tooti 
meets the peg againſt which it acts, ſince it Wil hve always ow 
the ſame Horee ; Which was to be demonſtrated. an non, 


3 
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Tf Engin £92 diſpoſed, as before, far. to b an Equi- 
librium, between the two weights P and R; I ſay, that 
if you augment the moving force of the wheel B K L err 
which is che ſame thing, if you add ſome weight Z to che 
weight P, this force, or this new! weight will act equally in 
all the different encountrings.or meetings of the toothed wheel 
EK L with DE F, on the force, or on the power; or laſtly, - | 
on the weight R applied to the wheel DEF. s 
Since to make an Equilibrium between the weight P; AU 
mented, by the weight 2, and the weight R, you muſt 
augment the weight R wich _ weight Y, which muſt be = 93 
9 2 the 
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the weight Z ( which makes the augmentation of the weight 
p) as CS to CB, and then the two weights Rand Y toge- 
ther will make through all an Equilbrium with the two weights 
p and Z together; tis evident, that in any poſition which 
theſe two wheels are in, the weight Z will be always in 
Equilibrio againſt the weight Y ; and by conſequence the two. 
weights P and Z together prevail always with the fame force 
againſt the one weight R, which is meaſured by the weight V, 
ſince it wants this weight to make the Equilibrium; which was. to 
be demonſtrated. 7 17 


V FE may place the Superficie of two Wheels in the ſame: 
' Plane, and inſtead of the pegs or pins which ſhould 
be faſtned on the Wheel D E F, we may make the teeth at the 
end of this Wheel, and give them what Figure we pleaſe: But 
then the teeth of the other Wheel whoſe figure will be in the 
Epicycloid, ought to have a figure compoſed of thoſe of the 
Epicycloid and thoſe of the teeth propoſed, this compounded: 
figure forms it (elf, as. I ſhall explain in the following Ex- 
amples. | . . | 
V 

Fg. 191. The moſt ſimple of all Figures is the Circular; 
wherefore I propoſe at firſt fight the figure of the teeth of the 
Wheel BE F in a circle. Let the wheel be BE F, whoſe centre 
is in A, which hath its teeth of a circular Figure, as BO P, and 
whoſe centres will be on the circle DG M, which hath itscentre 


common with thoſe of the Wheel A; let the centre of the other 


Wheel be C; having drawn the right line C A which joins the 
centers of the two Wheeks, and which meets with the circle BEE 
in B, from the centre C, and with the Radius C D deſcribe the 
circle D I, on which as a baſe make the Epicycloid D VH, which 
hathD G M for its generaing circle. Now if from all the points: 
DV H, of the Epicycloid, as Centers you deſcribe the circles 
ON L equal to the circle which forms the teeth of the Wheel 
B E FE, the crooked line ON L which touches all the circles, 
and which will be Parallel to the Epieycloid, will form the 
figure of the teeth of the Wheel N K, that is to ſay; that part 
of the tooth which acts againſt the part of the circular tooth 
which it meets in its motion, for to the other parts of the teeth 
which it meets not with, I have already ſaid at they may 2 
| | made 


RS 
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made of what Figure you pleaſe ; but you ought always to 
make choice of thoſe which are moſt durable, and moſt proper 
to reſiſt the force of the motion. 
I ſay now, if you apply equal powers to theſe Wheels with⸗ 
in the diſtances of their centers C D, A D, in any place that 


the teeth meer, you will have an Equilibrium every where; 


only it muſt be obſerved that the meetings of theſe Teeth muſt 


be always under the line A C. 
By the 34. Propoſition in any place that the Epicycloid D VH 


is applied to the point D of the Wheel DG M, in making it 


move about the Centre A, it will make an Equilibrium between 


the equal Powers. For if one of the powers cauſe the other 


to move, it will cauſe it to run over a ſpace equal to that 
which the ſame runs over it ſelfl. But by conſtruction of the 


tooth O NL, we ſee that the crooked line ON L meeting the 
circle B z P makes the point D ſo much advance, as if the 


Epicycloid D V H met it: For the diſtance between the Epicy- 
cloid D VH, and the crooked line ON L is every where, that 
of the Semidiameter of the Circular tooth BZ P. 

For example, when the centre of the tooth D is come to G, 
and that the Epicycloid DV H is placed in I G, its point G be- 
ing joyn'd to the centre of the circular tooth, tis evident that 
the arch D Iof the circle of the baſe will be equal in length 


to the arch D G of the generating circle DG M; Bur then. 


the crooked line O N L will be placed in on, and the circu- 
lar tooth E p which hath its centre in G, will neceſſarily couch 
in the point u, the crooked line or curve on, for the ſhorteſt. 


diſtance, from the point G of the Epicycloid to the curve ot 
will he in the point touchant of the circle E » and of tie 


curve. So when the point D of the Epicycloid is come to I, the 
point O of the curve will be come to o, the arch Oo will be 
equal to the arch Dl, and the curve o » which meets the circu- 
lar tooth in u, will be made to advance its centre in G on the 


Epicycloid 1 D, and by conſequence the arch DG will be equal = 


in length to the arch Os, or D I. 

I haye ſaid that the teeth ought not to begin to meet or ren- 
counter themſelves but underneath the line A C, that is to ſay, 
that the bending O NL is not proper for to act on the circular 
teeth, but when the point O of the curve ON L. is come to- 
D; and by conſequence this curve ON L begins. not to act a- 


gainſt the curve or bending, of the circular tooth, but in the 


point 


— 
. _ 
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point Z, where it is cut by the circle DG M, and it continues 


always in the Rencounter or meeting in its part Z P, in de- 


ſcending beneath the line AC. We may then leſen all the 
part Z B of the circular tooth, ſince is hot uſeful in the move- 


ment, or motion, and ſiniſh. it on the circle Z D. We may 


alſo ſiniſh the teeth of the other Wheel by the curve L NO, 
and by the circle O D, which will be the ground of the teeth; 
But in this conſtruction we ought to diſtribute the teeth after 


ſuch manner in each Wheel that they begin to rencounter 


or meet one another only in the line A C, and that they 
do not hinder one another above, Which will always be caſy 


Alſo note; that the curve LN O Parallel to the Epicycleid, 


begins always out of the circle OD I, and afterwards that it 
is between, or within; and laſtly, that the diameter of the gene- 
rating circle is greater than D B, which is eaſy to demonitrate:- 
by the generation of the Epicycloid; but I conſidef not in 
this placę but the part O N L of this curve which is without 


the circle O DI when 'tis in this king K 
We ought always to avoid in the teeth of Wheels to make 
them work above the line AC which joins their centers, 


becauſe the wearing or rubing in them is very great, and that 
on the contrary: tis not almoſt conſiderable in them below, 
ſuppoſing that che motion of the Wheels will be from above 
to beneath the line A C. In the mean time if you would that 


the teeth of theſe Wheels work in rencountring themſelves a- 
bove A C, it muſt be in the making, as I ſhall ſhew by and by, 
after. I have ſhewn a general method for making the teeth of 


one Wheel in different manners, thofe of the other being al- 


ways given the ſanme. (1 1 


kg | 
Example 2. 


- 


s 


poled, as in the precedent example, I take another point like 
that where I pleaſe, as B on this tooth, and by mears of this 
point I find the figure of the tooth B NN, which ought to 
work with the propoſed ; but for to cauſe the tooth propoſea 


to act or work in as many parts as is pollible, we ought to 


chuſę a point in this tooth which may be the neareſt to the 


Centre Col the other Wheel, in the motion of this point 


44100 choſen 


ths + 


e ee t Gree fade e abit abs. 


Book X.  Mechianick Powers: 287 


choſen about the center A of the Wheel unto which *ris faſt- 
ned, and this point will be the point B in this Example. 

From the centre C and with the Radius CB deſcribe the circle 
BK, which wall be the baſe of the E cy cloid BV V, whole 
generating circle is B G G deſcribed ö rom the centre C and 
Radius A B; then from the centre A having drawn the Ra- 
dius AG, from the centre C, and by the Radius C G we may 
deſcribe the circles G V, which cut the Epicycloid in V, and 
by theſe points V we may draw the lines VH I, which make 
the angles C V I equal to the angles C G A. Then on the lines 
V HI we may apply the figure'B z of the tooth propofed in 
the ſame manner as tis applied to the line AB, in making it 
agreeable in the point B or V, and we may draw the curve 
line B; NN that ſhall touch the curvature. or bending of the pro- 
poſed tooth, in all theſe different Poſitions, which ſame thing 
will happen for the circle, if we take on VH the Magnicudes. 
VH equal to B D the radius of the circle of the propoſed tooth 
and that from the points for a center we deſcribe the cir- 
cles N equal to thoſe of the tooth. 

It plainly appears by this, formation of the curve BNN 
that in any poſition that it meets the circular tooth, the point 
B of the curve B NN being beneath A C, there will be every 
where an Equilibrium between. 2 equal Powers applied to thele 
Wheels in the diſtances/C B, A B, from their centers C A: For 
we may demonſtrate, as iy the, preceeding example, that in any 
poſition that the curve B NN is applied to the circular tooth, 
it will be diſpoſed to make. its Way in the point B on the cir- 
cle B G, a ſpace equal to that which the * point B makes 
on the circle B K. For example, if the point B; in runing over 
the ſpace BK on the circle B; K, the ſame. point B comes to 
4 5 oy means. of the Epicyclaid B V, which muſt be placed 
in K u, bur the curve B NN will de placed in K, and its 
point NJ will be applied in che point , of the circular tooth B Z, 
1 orted in G, Which will have its center in b on AG. 13 

7 conſequence the curve K, which acts on the circu- 
tar tooth Gn in the point , makes the point G to advance, 
ſo much, as if the Epicyclaid ſhould: be placed in K G, and 
joined to the curve K n fl ot ID 

is ealily ſeen; that if the tood of theWheel B K is Formed" 9 
5 he, curve B NN it Will begin to act on the circular rooth '/ 

n the point n; on the line A C: For ſo ſoon as the N J 

7 B O 
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B of the curve BNN is come to AC, and that ir touches 
the point B of the circular tooth, the 2 teeth begin to act one 
againſt the other, and to meaſure how much the tooth B NN 
deſcends its different points N, as they are applied in different 
places of the circular tooth BZ. 5 
Note, that if we take the lines V HI equal to B A, all the 
points I will be in the circumference of the circle A II, whoſe 
center is in C; and moreover, that all theſe points I will be 
the Centers of the generating circle of the Epicycloid, in the 
different poſitions whence it deſcribes the points V. = 
Laſtly, we may take the point B for the Commencement of - 
the Epicycloid in what place you pleaſe, whether within or 
without the tooth, inſtead of raking it in B on the curve of 
the propoſed tooth, as is done in this example, and we may 
find always a curve for the tooth which ought to work with p 
thoſe propoſed, and which ought to make an Equilibrium be- 
tween two equal Powers, which I ſhall explain in the follow. 
ing Examples. = Abbe. Heb wa CH 


* 
* 
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| Example. 3. oy 
Let the right lined tooth be Z D, which makes with the 
Radius A Z the angle A Z D, and let the point be D of this 
tooth which ought to begin to work with the tooth of the 
Other Wheel B K; having taken any point B in the line ADC 
which joins the centers, and which paſſes through the point 
D, determining to what place the tooth A Z D ſhould be made 
to move on its center A; or if the point D be not deter- 
min'd on the tooth Z D, and that there be given the point B 
of like poſition to the line Z D, or to the angle A Z D, hav- 
ing drawn A B which cuts Z D in D, we may place the line 
AB on the line A C, and deſcribe the circle B K from the 
center C, and the Radius C B; this circle will be the baſe of 
the Epicycloid B H M, of which the generating circle is B G, de- 
ſcribed from the center A on the kadius A B. 1 
Then to all the points G of the circle B G, having, drawn 
the Radius's A G, and from the Center C, and for the Radij 
C G having deſcribed the arches of. the circle GV, which ren- 
counter in V the Epicycloid B VM, I draw CV, and after- 
ward V HI, which makes the angle CVI equal to the angle 
aA; on VI, Iapply the line H Z in the ſame manner that 


E rae” > ef 
Ms oat 4 f 
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D 2 is applied to B DA, that is to ſay, that VH is taken e- 
qual to BD, and that the angle V HZ, is equal to the angle 
BD Z, the lines H Z will interſe& them all, whence we may 


draw the curve line DN which will touch them, this line D 


N will be the figure of the tooth which we ſeck, and which 
ought to be applied to the wheel B; K. 


*Tis evident by what is demonſtrated before of the forma- 


tion of the ſecond teeth on the firſt which are given, that the 


curve D N of the tooth applied to the wheel B K meeting the 
right lined tooth D Z below the line A C, and beginning in 
the point D will make every way an Equilibrium between 2 
equal powers applied to the 2 wheels in the diſtances of C B 
and A B, that is to fay, in the extream of their Radij; for if 
we ſuppoſe that the line C B have tranſported the point B to K. 
the Epicycloid B V M will be placed in K G, and the line A B 
will be placed in A G, ſo that the arch B G will be equal in 
length to the arch B K by the property of the Epicycloid. 
But then in this poſition, the tooth will be in A'S d, and the 
curve D N being put in E, its point » which is the ſame as 
the point N, will touch the tooth in »; and even as in all the 
pointsas G and K the motion will be equal, there will be eve- 
ry way an Equilibrium between the two equal powers. 

Where Note, That we ought not to determine the length of 
the right lined face Z D of the tooth towards D; for it may 
happen in ſome caſes that the curve D N may not be touchant 
to all the lines, as H Z, for theſe lines H Z interſe& not, their 
extream H being determined and they rencounter not the next; 


and if we ſhould draw the curve line DN N through all the 


points as H, it would happen that only the end or extream D 
of the tooth would work, and would notwithſtanding make 
the motion equal, but this is not that which is propoſed in this 


Example 4. 


Fig. 194. We may yet make another fort of righi lined 
tooth, the face of which trends to the center of its wheel, aud 
by this means the tooth which acts againſt it, has not iis face in- 
clined to the circle on which it is faſtucd, as in the preccedii g 
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Examples, and chis kind of tooth is one of the eaſieſt to execute in 
great Engins, and molt uſeful for the motion. 

Let the face be F D of this right lined tooth which tends to 
the center A of its wheel, and which is placed in the line A B 
C which joins the centers of the wheels. By any point B of 
the line A C, and from the center C, deſcribe the circle B K. 
which is the baſe of the Epicycloid B V, whole generating 
Circle is B G, deſcribed from the center A and the Radius A 
B; having drawn all the Radij A G, and the lines CG which 
are the Radij of the circles GV which rencounter the Epicy- 
Cloid in V, whence the angle CVI will be made equal to the 
angle CGA. Laſtly, whence we may draw the curve DNN. 
Which will touch all the lines VI in their different poſtior.s; 
and which will be the figure of the tooth which oughr to be 
applicd to the wheel B K. This tooth DNN rencounters, 
the face F D in all its different poſitions, and will make every 
way an Equilibrium between 2 equal powers applied to their 
wheels in the diſtances of C B and A B. For the curve DNN 
being placed in den, which is faſtned to the Radius CK and 
rencounters the face A F D of the tooth propofed in » in the 
poſition AG, will make the ſame effect on the point G, as the 
Epicycloid DV placed in K G, as I have made appear in the 
preceeding example. . | | 

Tis eaſy to behold by what is explained before, that it will. 
not be difficult to form the tooth which we ſeek, that which 
is given being of another figure than the circular or right 
lined, as Parabolique; Hyperbolic, and the ſame in the Epicy- 
Cloid. 5 


ROF O Ss Ul. 


Ne may deſcribe an Epicycloid on a baſe which is con- 

centrick to the wheel wich carries the propoſed tooth, 

and by means of this Epicycloid, we may find the Figure of. 
the ſecond tooth, as in the precceding propoſition. 

Fig. 195. Let Z D be the figure of the tooth propoſed 
which is applied to the wheel Z, the center whereot is A; 
and on this hrſt tooth mark the point D, which ought to begin 
to work or act with the fecond tooth that we ought to apply 
co che other wheel, place the tooth Z D in making * 

WII. 


with its wheel about the center A, ſo that its point D be on the 
line A C, which joins the centers of the 2 wheels; in this 
poſition of the tooth Z D, having markt any point B that you 
pleaſe on the line A C, from the center A, and with the Ra- 
dius A B deſcribe the circle B G, which will be the baſe of the 
Epicycloid B V, whoſe generating circle is B K, deſcribed from 
the center C and Radius CB. | | 
'Tis evident by what is demonſtrated before, that the Epicy- 
cloid B V being faſtned to the Radius A B, will ſo much ad. 
vance the point B; from the Radius CB, as the ſame point B 
advances on the circle B G in any poſition that the Epicycloid 
ſhall be, as if it is tranſported to G K, the arch B K will be e- 
qual in length to the arch B G, and fo the difference being 
every way the ſame of theſe arches, they will alſo be equal 
in length, in manner as if the Epicycloid is placed in G K, the 
point G will not advance any ſpace, but will be on its arch 
B G, and it makes not ſo much to advance the point K on the 
arch B K. | | 
Now to all thoſe points K of the circle B K, having drawn 
the Radij C K, and afterwards A K, and from the center A 
and Radius A K, having deſcribed the arch K V which cuts 
the Epicycloid in V, and the line A C in FP, whence the arch 
K L will be equal to the arch VF, and then drawing LA 
which will cut the arch B G in G, whence tis evident, that 
the portion B V of the Epicycloid may be accommodated in 
Having made the angle CBI equal to the angle CKA, and 
BI being equal to K A, whence alſo the angle B Ig will be 
equal to the angle K AG, and on g equal to A B, or 10 A G, if 
we apply the curve EN Z of the tooth given D , in the fame 
manner that it is applied on B A, as if we tranſport it fo that - - 
the point B be put or placed in g, and the point D in E. bs 
Laſtly, the Curve of the propoſed tooth in all its different | 
poſitions will form another curve NN D by a line which will 
touch them all, which will be the figure of the ſecond tooth 
which we ſeek, and which ought to be applied to the wheel B K, 
or to the radius C B UV in the manner which 'tis deſcribed, 
*Tis evident, that this curve NN D will ſo much 2dyance 
the point B on its arch BG, as the ſame point B adyarces on 
B K. For when the point B is placed in K, the curve IN D 
will advance the tooth Z D in Sz d, for the point » of this 
| Pp 2 2 „ Curve 
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curve Which rencounters the tooth in the poſition S » 4, ren- 
counters it in the ſame manner, and in the ſame place as the. 
point. N which it forms. So the Epicycloid will be in the po- 
fition G K, and by conſequence two equal powers being ap- 
plied to-theſe rwo wheels in the. diſtances of their Radii A B;. 
CB, will a& every. way. equally, and will. make an Equilibrium- 
in all the Rencounters of the teeth. of the two wheels. 


PROPOS. VIII. 
To apply a little Wheel inſtead f a Tooth to the Wheel of 


an Engin. 


Pig. 1 Have noted in the 6th. Propoſition, Thar. the ſecond: 
196. 1 Tooth ought not to begin to work with the firſt, bur: 
on the line AC; becauſe that the wheels having their mo- 
tion above or below this line, the faces of the Teeth which 
rencounter themſelves in their removing one from another; 
do only rub one another in making their eſcape, which cau- 
ſes not any ſenſible hinderance to the motion; whereas when 
the rubing is made by the rencountring of the parts which: 
venter or come upon one another, the Impediment to the mo- 
tion is very conſiderable, and is that which we chiefly ought to 
avoid in Machines and Engines. | 

Behold: here a particular conſtruction for the Teeth of 
Wheels of a great Engin, where the faces which rencounter. 
themſelves or meet, are made ſo that they touch one another. 
without rubing or wearing, and what remains is only made on 
the Axis, or Pivot. 

The conſtruction of thefe Teeth is the ſame as thoſe of the 
firſt Example of the 6th. Propofition, but th& Application is 
different: In the 6th. Propoſition the circular Tooth propoſed 
is ſtayed: firmly by the Wheel; but in thoſe here that is a lit- 
tle wheel. which is movable about its centre D, on an axle- 
tree, or pin, placed at the end of the Radius AD; there will. 
de then no other fretting, or wearing, in this Engin, than that 
of the little wheel B Z P on its axis; for the circumference. 
will apply it ſelf every way, without fretting, or Wearing, on. 
the Curve of the other Tooth ON L.. 


Tis. 
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"Tis evident, that this application of the little wheel cannot 
make any varying from what I have demonſtrated of the cir- 
cular Tooth in the 6th. Propoſition, and that the effect of the 
Engin will be the ſame : For it matters not whether the 
Curve ON L rencounter: or meet the circle O Z P of che lit- 
tle wheel, or the tooth of the. ſame figure, ſince its center D 
will be always the ſame way. 7 3s 


PROPOS. IX. 


The Conſtruction of an Engin to raiſe Water according tu 
the precedent Form.. 


Fig. 7. MOT isa great Wheel made of great pieces of wood 
195. ILL. Joined together one with another, which is poſited: 
or placed horizontally, the Axis, or Tree A B, of this Wheel ig. 
a large ror of. wood which is moved by its baſe on a Pivot, 
or Spindle P, being only faſtned at top with a pin of Iron to 
keep ĩt always perpendicular: This Wheel is toothed, or wa- 
ved, on the edge after the manner of Wheels in rencountring, 
or meeting, in common Clocks; and it hath but 5 Teeth, as 
OI, which act in paſſing upon the little Wheel RS, which is 
movable on its axis C: This Axis is faſtned to the arm D C, 
which is likewiſe movable about its axis D, which is ſtayed 
firm at any union: The arm D C is join d and faſtned to the 
portion of the circle D E F, ſo that they cannot move the one 
without the other; on the thickneſs of the arch E F it muſt 
have a double flat chain H G, faſtned towards the top in E, 
and this Chain hath two rings at the end of it, which ſu- 
ſtains the handle of Iron which carries the Pin, or Peſtle, of a 
drawing Pump: The Leaver, or Arm N, of this Engin paſſes 
in the Tree in B; and may be ſtayed if one will by the 
wheel to make it more firm ; it muſt have two little Wheels, 
ſuch as thoſe I am coming to deſcribe, which are diametri- 
9 cally oppoſite under the Wheel, and which do always act by 
turns one after another ; for by this diſpoſition of the little 
wheels when one appears in the bottom, or hollow of the wave, 
the other appears on the cop : But the Wheel turning from 
O to I, the little wheel deſcends in the rencounter to che part 
© Q of the wave, and amounts again in the other, we muſt 


conſidex 
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conſider but the part OQ of the wave, for- there is but that 


that works for to lower the little Wheel which raiſes the 
Peſtle, or Sucker, of the drawing Pump, and which ſuſtains 
all the weight of water; the little Wheel mounting again in 
the other part of the wave makes not any effort on endeavour 
againſt the Wheel, for it follows only the hollow turning, or 
winding of the Tooth, not being raifed but by the weight of 
the Peſtle, or Sucker, and its handle, and of the Triangle D E F, 
which fall again beneath by their proper weight, which we may 
make very near equal to that of the little wheel. 

All the effort of the Wheel is made only by its weight in 
ſuch manner, that if it is as heavy as the weight of he. Co- 


lumn of water which it ought to ſuſtain in the body of the 


Pump, the diſtance of the Leavers being compenſated, tis evi- 
dent that there will not be any conſiderable rubing on the 
pivot P: But it muſt be always ſomewhat heavier, ſo that it 
may not go out of the Iron wherein the Pivot plays, for other- 
wile it will work on the two little wheels all the time, which 
muſt be avorded. © Nats 0 0 e 


- The number of Teeth of this Wheel ought to be odd, ſo 
that it may have always one of the two little Wheels ' oppofite 


which 'work, and that the power which moves the leaver N, 
may act always equally, and not by jumps or skips, as it com- 
monly happens in thoſe Engins which have not one or tuo 


wheels. Tis in this that the principle direction of the con- 
ſtruction of Teeth, and the poſition of ſmall wheels conſiſt: 


For which, chat we may always keep to the rule in the form 
of the Teeth; we muſt have reſpe@ to the proportions of the 
height and length of the Teeth with the diameter of the 
wheel. an | | 8 . 
We muſt obſerve that tis not poſſible that the face of the 
Teeth, or of the waves of the wheel, ſhould work ir every place 
on the little Wheel ar equal diftances from the- Axis of the 
wheel, becauſe the motion of the wheel is circular ard hori- 
zontal, and that of the little wheel is vertical or perpendicu- 
lar; for it happens, thar when the Teeth renebunter the lirtfe 
wheel in their lower part, and from their point, if the Axje- 
tree of the little wheel is equally removed from the Axis of 
the wheel, it will be nearer when the little wheel is rewards 
the moiety of its deſcent, which will be eaſily known in the 
plane; this difierence of removing will cauſe # little fretting or 
. WEAring 
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wearing of the face of the Tooth with the little wheel : But 


theſe are ſuch faults which are impoilible to be whollv avoid- 
ed in Engins, and we ought to reſpect thoſe which have the 
leaſt, or the leaſt confiderable, for the moſt perfe&. = 


For the conſtruction of the Teeth of the great wheel of this 


Engin, we ought to conſider them as if they were in the ſame 
Plane as thoſe of the little wheel, and when we have deter- 


min'd the figure, we apply it on the wheel to the place where 


it rencounters, or meets the little wheel, ſerving as a profile or 
fit ſize cut from the figure of the Tooth. RF 
Fig. 198. Having determined the center D of motion of 
the atm D C of the little wheel RS, and the ſize D C of the 
arm, from the center D, and by the Radins D C deſcribe the 
circle C E, on which draw the line ABC touching in C;. 
on the line B A for a baſe, and CE for the generating circle 
deſcribe the Cycloid C VV, and through all its points VV as: 
centers deſcribe the circles N equal to thoſe of the little wheel; 
I fay, that the crooked or curve line SN N which touches all 
thoſe circles will be the figure of the Wave. 
If we imagin that the right' line B A moves from B towards 
A on the ſame with the Cycloid CV V which is faſtned to it, 
tis evident that every point B of the line BA will have ſo 
much of the way as the point C will have about the center D, 
being moved by the Cycloid VV: For if the point C of the 
line B A is tranſported in T through the ſpace C T, the Cy- 
cloid CV will be placed in TE, and the point C will be arri- 
ved at E, on the arch of the circle CE: But by the generari- 
on of the Cycloid, the arch C E is equal in length to the right 
dine CT, then two equal powers one of which moves the line 
CT on the fame, and the other moves the point C about the 
center D, will make an Equilibrium every where, for we 


ought to conſider the right line B A as the circumference cf a. 


circle whoſe center is infinite or endleſ .. 

But now if inſtead of the point C of the Radius D C, we 
apply the little circular wheel RS, whoſe center is in C, tis 
plzinby the conſtruction of the curve S NN that it wilt have the 
{ame effect on the center C of the little wheel in rencountring 
its Circumference, as if the Cycloid C VV ſhould rencounter 
only the point C: For the center C being put or placed in E, 
the point N of the carve 8 N N will be placed in x, fo that E- 
z will be a ſhorter diſtance from the point E of the curve. 
+. In. 
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In the conſtruction of the Teeth of this Engin, one ſerves 
not all the curve 8 NN form'd on the whole Cycloid, but 
only on one part, and that which you pleaſe, for otherwiſe it 

would happen that the waves would be too great. We ma 
then take for Example in Fig. 31. the middle part NX of the 
whole curve SN X FE, which is formed on the half Cycloid 
CN; ſo the bottom of the wave will be formed by the circle 
of the little wheel in the poſition N Z P, and its point will 
be in the point X; we may give very near the ſame figure to 
the part of the Wave which mounts up again and works not, 
to the intent that the little Wheel may roul away more eaſily 

in remounting within the bottom. | 
Fig. 199. We muſt note, that when the little Wheel is come 
to the end X of the Wave, the center M of the little Wheel is 
not ſo far as it may be from the point X, that is to ſay, that 
the line MX is not perpendicular to B C: But as the point 
X deſcribes a line parallel to B C, it works only on the cir- 
cumference of the little Wheel, until that the point M is 
come within the line MX, perpendicular to BC ; the center 
M of the little Wheel will deſcribe then in that place a ſmall 
arch of a circle equal to thoſe of the little Wheel, and it will 
happen that the point X of the wave will be blunted or 
dulled a little in the ſucceſſion of the work, which will not 
happen if one ſerves for all the curve N X F; for the wave will 
not be one point from its extream F, as in the point Xx, be- 
cauſe that the Touchant of the curve in F is Parallel to B C, 
and the Touchant in X is inclined to the ſame line B C: Tis 
evident, that the work of the point X will only endure ſo 
much more time as the little Wheel is more great; for the 
arch which the point M deſcribes, will be greater for draw- 
ing the point M, in the line drawn by X perpendicular to B C, 
than if the Radius of the little Wheel ſhould be lefler : There 
is ſtill one inconveniency in a great little Wheel; for ic muſt 
have greater ballances on one ſide, and on the other under tt e 
wave, becauſe that it moves on two points one of which is us 
Pivot, and the other is that of the arm ard of the Portion of 
the circle which carries the chain, which will not be fo con- 
ſiderable in a {mall Wheel: But if the little Wheel be very 
ſmall, it muſt take away a greater portion of the Curve N N, 
to form the wave that it may have always the ſame Eleva- 

lion in the pcie, or rod of the Pump. 

Gp, 90 Ti; 
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- *Tis eaſily ſeen that the chain which is faſtned to the portion 
of the circle ſerves to raiſe the Peſtle always perpendicular, 
which is a very good uſe in theſe forts of Pomps'; For other 
wiſe if the handle which carries the Peſtle, be only faſtned to a 
Leaver movable abdut an axis as D in this Engin, it will happen 
that the peſtle will be drawn ſometimes to one ſide, and ſome- 
times to the other, and wear unequally in the body of the 
Pomp in working, which will deſtroy it in a third part of the 
time, as I have obſerved in ſome renchunt ers. 
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We may likewiſe apply the ſame conſtrudtion to wings, or to 
the Axle- tree of Mills, which have their Wheel vertical, 
and whichare for Powder, for Paper, for Fulling, for Forg. 

| ing, &c. or it may raiſe Peſtles, very near as you.ſee fe- 
preſented in this figure. Try +73: BE 5.8 * 


Fig. J Shall here repreſent only two of theſe Peſtles, but we 
200.4 may put as many as we pleaſe, or as many as the mover 
of the Wheel can make to go; you mult always put two wings 
oppoſite, as A B and C D, to work on each Peſtle, to the end 
that when one of theſe Wings as B having quitted the little 

Wheel E from the arm of the Peſtle, and that it is fallen, then 
immediately the other Wing A, Which is oppoſite to B, begins 
to relieve It. ile bm Alg S io eis en e nere 

We may alſo obſerve that if we have two Peſtles, it behioves 
that the wings which belong to each one, will be applied 
one after another, to the axis of the Wheel, as we ſee here, 

where the Azis is to 4 Panes, becauſe that it hath four wings 

and two Peſtles, and where the wings A and B are applied 

to the two oppoſite faces of the axis, and the tWo other wings 
C and D, which belong to the other Peſtle are applied to the 
two other oppoſite faces of the fame Axis: If we would then 
have three Peſtles and ſix wings, we muſt cut the Axis, or 
Tree, into 6 panes, or ſides, and if we would have four, we 
muſt cut it into 8 ſides, unleſs we apply two peſtles on the 
_ face, and then there needs but half of the faces to 
tl Tree. Wh Bas. hc s | : _ F 
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But it muſt be obſerved that we. do not place the wings to- 
gechet, which are àpplied to the fame face, but to mingle. 
them with the others) that! ſo the Endeavo Ts: „or we orgs 
diftribure'ir ſelf equally on the Axis, or tree, that is to fay, chat 
the raiſed Peſtles ſhould'not be together. 

1 do not reprefent in this — 5 but one of che kinds of 
making the motion equal, which is by giving a crooked figure. 
to the wings which are faſtned to the Axis of the Wheel, and 
by placing the little Wheels ta the end of the arm of the 
Peſtles, although there be yet another, in making the arms 
of the Peſtles of a curyed or crocked figute, and in applying 
the little Wheels to the end of the right wings of the Axis of 
the Wheel: Bat I will. explain theſe; two. kinds. in the. con- 
ſtruction of the;Curves 90 Grooks, 

8 I have not given here t Wee of ki Engin, nor the 
manner of ſtrengthning* all che. feces, tis Tufficient,, for him 
that regards the lech Wicks to " how the di Poltion, the reſt. 
belongs to the Art of Carpentry, © 


* The firſt: Kind. Fig. 20. 


The firſt kind of applying the Curve. to ae Engin 1s FIR 
Which is repreſinted:in the precedent” Figure; let the point G 
be the Center of the Axis of tlie great Wheel, and CA the. 
diſtance from the Center to. the © handle of. the Peſtles, on 
the right line C A havitig determĩind the point B, which. is the 
extream A B, of the arm of the Peſtle, and which is the Cen- 
rer”of” helices wheel which we apply to che end or extream 
of the arm; and from the center C, and by the Radius: C By: 
haring deſcribed the circle BD; make the Epicycloid BVV on- 
the Circle B D for the Baſe: the generating citcle:. having 
its center at an infinite diſtance, that is to ſay, that the circum- 
terence of this circle is a righit line, and that the Epigycloid BNV 
35 the laſt Of all, which is alſo the Curve nde leribed dy⸗ 
the roling of the Circle; as is noted before. 

Then from all the points V of this Fpicycloid, takin deſcribed 
the circles N, equal to the circle E,F-of the little Wheel, the 
Curve EN N which touches all theſe circles will be the faſhion . 
or form ot the arm of the tree, or axis of the. Wheel. - | 

Following the fame method of demonſtration, that I have 
obſerved before, it is evident that! in whatſoever Poſition the 
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arm E N N of the axis; ſhall be in turning about its axis C it 


will have always equality of thotion between the centet of the 
little Wheel which riſes perpendicular, and the point B'which jr 
moves, about from the center C:, For if the cent. of the litt 
Wheel B is tfanſpoſed in H, following the line B H þaralle 
to A G and perpendicular to A, C, thtough the Curve + N 
tranſported in Ln about fromthe centre C, it is evident that the 
point H, will be found on che Epicycloid BY V; removed in K H, 
with the Curve E NN, removed, in L a»: For the ſhorteſt 
diſtance from the point H to the Curve Lin, will be equal 
to the Radius of the little WIRE F: But by the Formation 
of che Epicydloid B V or, K H, the atch B K of its Baſe, will 
de equal to the arch of its generating circle, which is here 
the right line B H, which repreſents , alfo., the way from the 
center B of the little Wheel, while the ſame point B deſcribes 
the arch B K: But the ways BK and BH being equal, and 
the Powers equal applied in B, of, which the one acts to the 
end B of the Leaver C B, and the other to the, epd B of the in. 
finir2 Leaver BA, or determin'd to what diſtance you pleaſe 
in A, for the length of the Leavers ought not to be contider'd 
when the Powers are directly oppoſite the one to the other, 
it will follow that you will have on every fide an Equilibrium 
between the two equal Powers. _ . e 
We do not conſider here the rubing or wearing of the 
handle of the Peſtle throughout the hollowing of the wood it 
runs in, for to make it raiſe perpendicular, for we ſuppoſe that 
the Bodies are exceeding ſmooth, and that the rubing or wear- 


ing hinder not in any manner the motion. 
The Second kind. Fig. 202. 

In the Second manner it muſt be that the arm of the peſtle 
is of a curve figure, and that the little Wheel is applied to the 
end of the arm of the Tree, or Axis of the Wheel. 2 

The figure of this arm, or wing, is not determined: Since 
there is no regard, but to the length from the axis of the tree, 
even to the centre of the little Wheel, which works on the. 
arm of the Bar, or Peſtle; it behoves only to take heed that 
the Figure as C KD, which we give to this arm, or wing, 
hinder not the motion of the arm of the Peſtle. ; 


Qqz Let 
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Let then, as before, the handle of the Peſtle be A G, and. the 
center of the Axis C, having drawn the Perpendicular C A on 
- AG, mark on A C the Radius A B of the little Wheel, and by 
the point B draw the line B E parallel to A G, which will be 
the Baſe of the Cycloid B VV, whoſe generating circle will 
have the length CB for its Radius: If from all the points V 
of this Cycloid, we deſcribe the circles N equal to thoſe of 
the little wheel, the Curve line NN which touches all 
theſe circles will be the Figure of the crooked arm which we 
ought to apply to the handle of the Peſtle. 3 | 
Tis evident by the generation of the cycloid, that if we 
moye the cycloid-B.V on its baſe B E, in, what place foever 
tis placed, as in E D u, the end B of the Radius CB being re- 
moved by the'cycloid in D, the arch B D will be equal in. 
length to the right line B-E of the baſe; but if in ſtead of the. 
cycloid we uſe the curve NN, we fee clearly, as in the pre- 
cedent propoſitions, that this curve will make the ſame way 
to the point B, from the end of the Radius C B, in rencoun- 
tring the little wheel A F, whoſe center is in B; for the curve 
un Which rencounters the little wheel, cannot advance its 
center, or make it move forward, but from the diſtance of 
that center to the cycloid, which is that from the Radius of. 
the little wheel: But as theſe motions, or movements, are every. 
where equal, there will be an Equilibrium between the two 


equal powers applied, as in the precedent example, which does. 


not require any long explication after that which I have ſaid. 
of other Engins. 5 ry 
There is only in this caſe one difficulty for the conſtruction. 


of this Engin; for as it is, that the little wheel lays hold on 
the arm of the Peftle below, if the arm of the. Axis, or Axle- 
trce, which carries the little wheel, be right or ſtreight, it ren- 
counters the curve before that the little wheel touches it; we 
mult then bend or make crooked the arm a little, as the line 4 
HK D fliews; to the end that the little wheel begin to ren- 4 
counter the curve FN N, when its center B is in the line C 
A: But as it is difficult to make theſe forts of. curves HK D, 
unleſs it be of Iron, we may alſo make to ſerve an arm every 
| way right or ſtreight which ſhall. bear or carry the center D of 
b the little wheel, but then the arm muſt be double, and the. 
ülttle wheel muſt be applied between two to the end, for the. 
ED TY crooked 
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crooked arm of the peſtle FN N will paſs between theſe two 
ſtreight pieces which bear the little wheel. X 

We muſt obſerve here, as in all the other Engins, that the 9 
little wheel be ſmall; for when the crooked arm which it ren- | 
counter or meets, ceaſes to work by a perpendicular line drawn I 
from the center of the little wheel to the curve, it ought to | 
ceaſe in the Rencounter, or diſcontinue to meet it, which is 
not poſſible, becauſe it ſerves but one part of the Curve: It | 
happens then that the extream of the arm works ſtill by irs ; 
point on the little wheel, in making it turn on its center until 13 
8 it be entirely got away, and in the motion, the Equilibrium be- 
tween the powers is not found any more, which is a defect in ; 
the Engin, which we muſt avoid and leſſen by making the lit- 


tle wheel of a ſmall Diameter. 
PROPOS. XI. 
Of the Length and Diſpoſition of the Teeth of Wheels. 


Fig. 3. J Have already demonſtrated, that it is not neceſſary 
that the teeth be equally diſtributed on the wheel, 
when they are of a regular figure to make them act equally 
one with tother; for if we have but one, it will be as if we 

had more which work, the powers applied to theſe wheels 
act always in the ſame reaſon or proportion, the one with re- 
{ſpect to the other. But we mult take heed that when one 

tooth as ON L, which is cut as L, ceaſes to work on the other 
Tooth PZ, that is to ſay, when the Touchant in L of the curve 

ON L, is alſo Touchant in the ſame point L of the curve PZ of 

the other tooth, there muſt be two other already of the two 
wheels which work together; for otherwiſe the extream L of. 

the tooth N L rencountring ſtill only by the point L, the curve 

: P-Z will not be moved as before, and the motions of the 
4 two wheels will not be equal between themſelves: It is not. 
| poſſible in this caſe to rectify the motion in ſeeking the figure 
which rightly 2grees with the Teeth of the wheel A, to make 

the point L work equally on the Tooth P Z; for the point L 
rencounters the Tooth P Z, in the ſame points where it alrea- 

+ dy is rencountred by the curve NL. But when another tooth 
4 begins to work, or hath workt already, when the point L ceaſes 
to work regularly on the Tooth PZ, the point L ceaſes alſo 
* | NA to 
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502 Alechanick Powers. Bock X. 
to rencounter the tooth p Z; but becauſe the wheel to which 
tis faſtned is moved always with an equal motion by the ren- 
counter, or meeting of tlie other teeth of the Wheel C, which 
makes it go further than the point L alone ſhould do, for this 
wheel A will have always the ſame way, as it the Footh PZ 
ſhould be reneountred, or met, by the curve ONE prolong⸗- 
ed, or lengthred; then the point L wilt remove afide from 
the tooth P Z, and they will work together only ſo much as 


they can do it regularly, which is a great advantage to an 


Engin 
We ought alſo to rake heed that the Teeth of one wheel ren- 
counter not thoſe of the other wheel above the points, where 
they ought to begin to work, that is to ſay, towards G, above 
the line A C, which Joins the centers of the wheels for the rea- 
ſon of rubing or wearing, as I have already taken notice of 
before, for the rubings which are made of bodies, which go one 
on another are always very great, and on the contrary thoſe 
that are made by ſlipping, are very intonfiderabte, wherefore 
we ought to diſpoſe the Teeth in ſuch manner, that they 
trouble nor, nor hinder one another before they begin to work, 
and that there be a convenient length and depth given them, 
1 power to diſengage themſelves eaſily the one from the 
other. | 
We may yet note, as I have done, that the part of the tooth' 
which works not, may have what figure you pleaſe, and that 


we ought only to ſeek thoſe which gives it moſt conſtancy or 
ſtedfaſtneſs, and which may ſerve for diſingagement. Never- 


theleſs it is left to be done as workmen uſe in their common 


diſcoveries of giving to teeth the ſame figure of both ſides, as 


well to inure to make theſe teeth all equal, as to ſerve alſo to 
the motion of the Wheels, when we would make them turn 
in a ſence contrary to that which is necſſary for the uſe of the 
Engin; which we are oblieged to, oft-times in the building 
and taking of them too pieces. | 


_ PROPOS. 
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PRO F 0 5. XII. 


bi le as Engin which ſerves e ſeveral Saves for 


A fawing of Stones. Fig- 204. 


B. is a Frame, or Shas, in mariner of a ſquare figure, which 
may move eaſily from C towards B, and from B- to- 
8 C. being kept within a laind of hollow gutter of wood, 
in which it moves: on: little: wheels which are faſtned to a piece 
bengath: In this Frame: you have two pieces of wood joined 
es in G and in E, with the pieces of the Frame A 
M. C B, and which are detained by two bonds or braces from 
the ſides of the Frame, there 1 be alſo in the- two other 
angles of the frame two bonds or braces in D and! in E, which: 
lervecto: ſtrengthen it. 
In the middle of this: Frame there nul be. a Triang le of 
wood HI K, which is ſuſtainedi in the middle on 287 piece 
of- Timber, or Axle: tree L on which it is well ſtayed, — 
when this large piece of Timber, or Axle: tree, turnes, the 
angles of the - air which / are furniſht-with ſmall little 
wheel in LKH, come to rencounter the pieces of wood G F 
one; after another, muleing the frame AB to move from one 
fide to the other in the hollow guter, dy forcing, it in G, and 


aſfer warde in Ff 


Towards the ends of the pieces of wand1 Ar M. FJ B. teres 
muſt bertwo rods of Iron, as: M B, which muſt be well faft> 
ned, which muſt bear two hands of iron N O, which mai run 


along theſe rods of Iron, where they are engaged at one end. 


and on the other they are well faſtnedeto one of the arms of 
the ſaw P. Wherce it appears, that when the Frame is mo- 
ved, it makes the Jaws P to move which are on the two ſides 
of the. frame; and according as the ſaw works, the: hands 


deſcend by running a long the rod MB. 


According to the force of the power which turns the Rd 
trer L. we may apply many Triangles, as Hi bKY-whieh-will : 
make to move ſo many Frames, a8 AB, uhich makes t0 S0 
twice as many Saws. od W903 

 Theilicde wheels: which are applied to the langles vof. me | 
Triangle, andowhich facillitate the motion of the frame art 
rr ä ee | 


10 
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be made againſt the pieces G F, if there were none but the 
angles of the Triangle which hit againſt them. But although 
theſe little wheels are applied to the angles, the motion is ne- 
vertheleſs unequal ; and for to make it equal, it behoveth that 
the faces of the pieces G F Which are rencountred, or hit a- 
gainſt by the little Wheels, muſt be formed in a crooked line, 
Which is demonſtrated and explain'd all along before in the 
Treatiſe of Epicycloids. | Nein 4 

Fig. 205. How to make the bending! of the face of the 
pieces G F; from the centre L, and with the radius LI, equal 
to the diſtance which is between the axis of the tree L of 
the Engin, and the centre of the little wheel, having deſcri- 
bed the circle I F, draw a part of the Cycloid IS on the right 
line 1; which touches the circle in I, and which will be 
the baſe of the Cycloid, the circle J E being the generator, 
and the beginning of the Cycloid being in I; then on all 
the points of the Cycloid, as a centre; deſcribe the circles R 
which muſt be equal to the little -wheel, and you may draw 
the line R R, which will touch all the circles towards the con- 
vexity of the Cycloid. The line R R will be the bending of 
the face of the pieces GF: We may prolong the line R R 
towards V, adding to it a part of the right line, even to the 
place where it is faſtned in the piece A M of the frame: You 
muſt obſerve, that the little wheel in working ought to ap- 
ply it ſelf in the curve or bending RR, in the ſame manner 
that the Circles R R are placed, that is to ſay, that the pieces 
G F ought to be a little more bending towards the middle of 
the: Frame {2 gol I Fane 8 G mamma, 2390 


To change the direction of Motions, or Movements, by the 
means of toothed Wheels. - Fig. 206. 4 543Þ8b 


Et the wheel be AB which turns on a vertical Tampin C, 
1 Whoſe teeth are placed perpendicularly on the plane of 
the Wheel. 31720 Ne BOW 
If we would move this Wheel AB Horizontally, by means 
of the arm D E, and that its teeth rencounter, and enter in the 
Spindles of the Lantern G F, which moves on its Horizontal 
0 Tampin 


+ 


" Bock X 


tical movement or motion about the TIE or tHe Aule tree 
MN, of the Lantern. 


Alto by means of an Horizontal motion we may raiſe 0 | 


weightP, 4 5 Chord is wound about the Roll O which hath 
its axle-rree common with that of the Lanteri FG. 
But if inſtead of the Lantern FG, whoſe ſpindles are pa- 
rallel to its axle-tree, we would male another, as H I, whoſe 
Spingies, are inclined to the axle-tree K L, in what angle we 
pleaſe ; ir is evident, that the horizontal motion of the power 
2pplicd to the'arm of the wheel, will be changed into'a mo- 
tion inclined to it, in What angle one will about ay axle-tree 
K 4 G "4 d 
Only note, that he Spindles of the andere H 5 which 
rencounter the teeth of the wheel A B, muſt ſind themſelves 


124 


places horizontally in the rencounter, to the end, that they may 
be applied in the ſame manner, as if this Lancern were like to 


— 


| 13 2 47 1% 1. 1 4 2 
the other G F. | NN: TER e ee AT eee 129, 
2 * 4 $ 37194 * £4 18 718 
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The deſcription of a Wind-mill,t ogether with the Comput 
on of the force of the Wind on 7 fatls, 


T1. are commonly of two ſorts. bur they differ 1 not hate 


in this, that in the one the whole body of the mill turns 
965 a Tampin, to expoſe the ſails to the wind; in the other, the 


is of ſtone; and none but the upper part turns to expoſe 


the A to the wind. In 'theſe-theIantern and the ſtones 


ought to be placed in the middle of the Tower, that the teeth 
of the Wheel. in all their different Poſitions may RET ry 


always equally the Spindles of the Lantern. 
Ah is the great Axle. tree, arwhoſe end che Sails atctaltned, 


and which ſerves for an axle-tree to the Wheel C D. The 
teeth of the Wheel C D enter into Ihe Spindler of the Lantern 


E F, whoſe Axle- tree G H N is vertical, and which being 
ſtayed by the upper ſtone I K, makes it turn on chat Wer e 


L M, which'is immovable. {M4 
80 that the vertical motion of dis Sails, and * he Whes 


converted. into me I motion of che u e — * 


ee eee oh. 


L as 


 Mechaniak Powers: NY 305 
Tampin MN, it is evident that the Horizontal movement of 
che Power applied to the arm D E will be changed into # Ver- 


— — 
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MJ 4 


' The wer hath commonly 48 Teath, 9 14 tern r 
dles, ſo that each turning round of Nie 1 0 17 of he 
ails, cauſes near 5 turnings round of the tones to | be made ; ; 
F you, may obſerve, that. perhaps the tones make not 
the whole, ar more than, one turning Le Re one. Second of 
time, and hy geber the Ry Wh alſo. make ove turn- 
t in g {econ al ok 585 violent, 
Wwe. abate one part of the Abe ede en from this ſwift- 
1 0718-321 Tit 101 35" 
It is not likely FF the 1 manner of uſe ivg the force. 
wind, to turn the ſtones of 8 the. moſt atk ied 
that is Pohle t be found, which js that which hach 
many active workmen to ſeek after, other forts of wa ö 
Fanden above all the Horizontal, o the end har $2 
Is may he expaſed directly to the wind, and proſit by all i its 
1 but all theſe ſorts of inventions have not proſpered. 
We may perhaps believe that the Wind-mills, fuch as we have 
ſeen were not made at firſt fight in the perfection, that they. 
are at preſent, but that the continual uſe which is made of 


them, hath made many defaults to be ſcen, which one amends 
afterwards. 
againſt the 


Behold the Computation of the force of wind. 
fails of a mill, accordi to the inquiry which was made by © 
Mr. Mariot, in his book of the Motion of Waters. - 

Fig. 208. A B' repreſents in chis Fi the Axis or Axle- 
tree of a turned Cylindex, and the Rule G H a croſs. at right 
angles: Apd;LL Fame males lacy SN alarly on the 
firlt G H, and- Aang ee e Cylinder. MN Op is a ſmall 
thin, table, even as the precedem Rules, ks likewiſe POR . 
perpendicularly: 2 che Axis A B, and. Bias ſo, that it mak 
Sg. an angle of 45 degrees, and with reſpect to the Rule 

I'S; 

"If ie ſuppoſo now) chat one Call, of vie wt diredtly 
againſt (be Rule 1 L, towards ihg pdint Q, and J 
the 8 0 Tk order of, the: Ker, 4 he Rot 
but that the weight R owards the end bi, of 
GH, makes; an — 0% wn the force of . 755 * 


water Q. that is to ſay, that it "Den BY hs, N 1 — | 

durning; Ut is Certain, 1 it the 

againtt the Table; M O, alſq in the 05 255 f 3 . 
linder, as the * 


o far removed from the Axis gh; the 


— Por 
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ay 
and. that the direftian ofthis Caſt + dicular to 
Table, it ca 


not ſupport the weight R, > that its dire 
will not be according to the motion. 71 the Rule IL, wh 


is in a plane perpen icular to the Axis A B; but jt cannot at 
that time ſupport that weight 2 ſhall my to 9 "EM * 
as the ſide of a Square to its 
And if the ſame Caſt is 
hit againſt the Table M G in, —— Nm paint 8 14 25 in | 
diminiſhin; its attempt in the ſame Proportion of the hide to 
the diagonal of a ſquare, Wee that this Caf falls obliquely 
againſt the Table under an 5 degrees. 

It is then evident, that this dou reaſon 9.4 diminurion 
ought to reduce the weight R to its 12 

Now the wind which beats againſt the ſails bY Nada, 

beats, or blows, obliquely, and if it renoounters each ail under 
an angle of 45 degrees, it follows then A what hath been 
ſaid, that it will not have but a moyety of the farce Which it 
would have, if ir rencountred directly, and if ibe Nail, be pla- 
ced on the Axle- tree, as the Rule I on, the Axis A. B. I, we 
ſuppoſe then that the whole force of 16, wind be, As do, it Will 
be. redcuced to 40 for thele two cauſsb. 

But there is yet one cauſe of Dimioution ofe the force Which 
comes from the ſume obliquity, for it will — a. leſs breadth 
of wind which rencounters the furface-of the fail, than if it had 
been directly oppoſite, and this diminution will be till in tie 


ſame reaſon, or proportion, of the ſide of a Squate to its dia- 


gonal, which ill in the end reduce the 8 forcp-of, 
wind meaſured by 80, to 28 4. RE 

But if the obliquity of the fail is IG than 45 degrees, that 
is to ſay, if it is more expoſed to the wind, whereof we ſup- 
poſe the direction parallel to the axis A B, and that the Si 

be of Co degrees on one ſide, and 30 on theoppoſi ite, then the 


firſt cauſe of diminution reduces the force from 80 to the 


moyety 40, but the 2 unlile, for they reduce not but 
from 40 to 31 very nigh; Which gives us to underſtand, that 
it is better that the ſails of nn have this obliquiry than 


that of 43 flegrees. 


© By thoſe uppoſitions of Mi. eriots, he liste of In 
indifferenr wind is of 24 feet through, -gach ſecond * &- 


one may know by experience; one WWE: or {ail dire 
on to the wind, and wh hich haſh 144 feet in its ſy W 


U 4ZÄAͤ[J— c —„ 
4 


Will ſuſtain a weight of 210 pounds, if the diſtance from the 
ſupport, or the centre of motion, as the Axis A B in the pre- 
cedent Cylinder, even ro the place as R, where the weight 
is placed, is of 12 feet from the ſame, as the diſtance from the 
centre of the fail: 5 | ee | 
But if the ſail have only 6 feet in breadth, and 24 ſeet in 
length, it will have the fame ſuperficies of 14 feet, and its 

Centre will be alfo 12 feet from the Axis; wherefore ir will 
ſuſtain as yer the 210 pounds, having 12 feet of diſtance from 
the Axis: But if the diſtance from the axis to the Centre of 
the ſail is. of 15 feet, ir will ſuſtain 262 poundsand . 

But through theſe three cauſes of diminution they ſuppoſe 
the angle of the fails of 60 degrees, with the Tree, or Axis, 
where they are faſtned; the force of the wind reduces it ſelf. 
to ſaſtains-ror pounds and +; having 15 feet of diſtance from 
the Axis: And becauſe there are four ſails, the force of the 
windwill ſuſtain 407 pounds at the diſtance of 15 feet from the 
Axis of the fail. ee e 

But the femidiameter of the wheel being ſuppoſed of four 
feet, if we make it as 4 to 15, fo 407 ro 1526, this will be 
the number of the pounds which meaſures the force of the 
wind againſt the Spindles of the Eantern, in the ſuppoſition 
that it makes 24 feet in one ſecond; there is no regard of the 
rubing, or wearing, in all: theſe Calculations. 7 
In the horizontal Mills you cannot have about hut one ſail, 
againſt which the Wind acts direcłly, and it muſt be made of 
an extraordinary gi eitneſs, for to cauſe the ſame effect as the 
4 vertical fails of ordinary Mills, as tis eaſy to compute by 


the precedent Suppoſitions. 


rns. XIV. | Fig. a0 


Of Wheels, and of Lanterns; with thein E. {bows or crooked” 
Axes, for the moving the Suckers of Pumps. vo 


Tf the power. turns the wheel vertically, we muſt only bend: 
the ends of its Axis, as you fee here in the figure G H. 
But if the motion of the power be horizontal; as it it be ap- 
plied to the arm C D of an horizontal Wheel A B, you: muſt. 
adjuſt the Lanterns E F, fo that their Spindles enter in = 


—— - — 
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the teeth of wheel, and that their crooked axes may work the 
effect that we defire OO 1-H MN 
In each crook of the Axis you may put a kind of little ring 
T, which is faſtned to the end of the Iron of the ſucker K,. ſo that 
in the motion of the Lantern, the crooks of the Axes raiſe them 
and od fall alternatively, or by turns one after another, theſe 


raiſe epreſs the Peſtles, or Irons, to which the Suckers 
are faſtged in the body of the pump, this allo makes it give one 
ſtroke of the Iron to each turn of the Lanterns: + ene e 
We may make the diameter of theft Lanterns-a fifth part 

very nigh of that of the great wheel, to the end, that for eacty 
going round of the great wheel, the Lanterns may make five.. 
But however commodious this Proportion is, we will not 
make a Rule, becauſe it muſt have I to the ſwiftneſs of 
the power which may be too great for this proportion, and 
which will move the Rods, or Peſtles, too nimbly. 


PROPOS. W. 


Ir toothed Wheels the number of Teeth muſk not anfain ex- 
Aeli ſo many times the Teeth of the Pinions,. or Spin- 
ales of the Eanterns to which. they are applied.  _ 


is Rule concerns only the execution, and we ought to 
have regard: to. make it ſo, that the. teeth of the wheels 
do not always rencounter the ſame teeth of the Pinions, for: 
when they rencounter, or meet different ones, they grow 
perfect in rubing and in uſing themſelves one againſt rhe o- 
ther, and by degrees they make very nigh the hgure which 
Behoves them, for to act equally in their different rencountes,, 
and in the different lengths from their Axes, which is explain. 
ed in the Treatiſe of Epicychoids beforſemeee. 
It behoves to practice this Rule exactiy, that the number 
of the teeth of the Wheels, and of the Pinions, muſt be 
primes between themſelves, that is to ſay, that they do not 
admit of any other common meaſure than Unity, and ſo ths 
ſame tooth of the little Wheel, or Pinion, rencounters not 
the ſame tooth of the great Wheel, but after that the liutle 
one hath made ſo many. revolutions, os turns, as chere are 
teeth in the great Whe ᷑rl. er uhh 2 3 
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But becauſe there is but little difficulty to male one divi- 
fion of two prime numbers, we may make. the number of 
teeth of the great Wheel; for example, of 48 or 69, and 
thoſe of the Pinions of 6 or 8, and in the Mills, the great 
Wheel of 48 teeth, and the Lantern of 10 Spindles, to the 
end that the ſame teeth may meet as few times as is pollible ; 
for if the Wheel have Go, and the Pinion 6, the leaſt num- 
bers which keep the ſame proportion will be 10 and 1, 
wherefore the ſame teeih of the Pinion of 6, rencounter not 
them of the Wheel but after 10 revolutions; and if the 
great Wheel have 6, and the Pinion 8, the teeth of the 
Pinion rencounter not the ſame teeth of the Wheel, nll after 
15 revolurions, | becauſe that 15 and 2 are the prime Num- 
bers between themſelves, which expreſs the relation of 60 
and 8: Laſtly, if the Wheel have 48 teeth, and the Pinion 
or the Lantern to, the teeth of the Lantern rencounter not 
the ſame teeth of the Wheel but after 24 revolutions, for 
the numbers 24 and g, are the two prime numbers which 
expreſs the relation between 48 and 10, and tis this which 
makes us ſee that we cannot find a number of teeth which 
is more proper for the Wheel, and for the Lantern of Milla, 
for the diviſion into 48 parts is eaſy, and may be done very 
exactly, and that of 10 is commodious, and may be re- 
duced to 3. = 18 
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Fig. IF che chord D of the weight P, be wound about an 
21% 1 che roller of the beam G, and that the chord F 
which ought to draw the liile Wheel E, hy meens of the 
pulley I, on Which paſſos ihe chord, far 10 go to faſten 
it to the top of the little wheel! E, paihing allo on, another 
pulley -I. Which is faſtned to the top ef the little wheel E, 
nd which ds ſtayed at laſt in M towards the pulley L.; tis 
evident, that ven the roller turns ound for to draw the 
chrerd P, it windes at che ame time the chard D, whigh is 
twWiſted on the roll G, in a nantrary lence of the chord F: 


But if the chord F is twiſted on the rall4g of G fect dong, the 
30H © weight 
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weight p deſcends at the fame time from 6 feet high, and WI 
aſſo ar the fame time be raiſed by the motion of the little 
wheel throughout the hollow it runs un. 
But the Chord. F having been drawn the length of 6 feet; fr 
will not make the little wheel to advance hut 3 feet; for as ir 
paſſes through upon the pully I, and & ſtayed in M. it dork 
not advance the pully I, and the little wheel E, which are faſt. 
ned together, but the half of its movement, or motion. 
Wherefore when the chord F is twiſted on the Roll G of 
feer long, and that the chord D is alfo rwiſted or wound a- 
bout of 6 Feer in length, rhe little wheel E will not have made 
but 3 feet of its way; and by conſequence the weight P win 
not be raiſed up again, but 3 feet by the motion of the little 
wheel E; it appears then to be deſcended 3 feet, which is fo 
much as the little wheel hath made of way on the hollow 
groove, wherefore it deſcends by this means by half a right | 


angle, or it deſcends fo much as it advances 

Laſtly, if the chord D which is faſtned to the round beam, is 
all wound up, and that it begins to wind it felf about in the 
fame ſence as the chord F, then the weight P riſes again; but - 
ir riſes three times as much as it advances towards L: For if 
the chords D and F are wound about of 6 feet on the Roll'of- 
the round beam, the weight ought alſo to be raiſed to the 
height of 6 feet by means of the chord D, and ir ot alfo to 
be raiſed-3 feet by means of the little whect E which draws 
it, and which paſſes over 3 feet, while that its chord is drawn 
6 feet ; then the weight will be raiſed 9 feet while char it rung - 
over only z feet in length, which is the motion of the lite 
n, ie Hon 83 
But when the chord Dis wholly wound of the rounc beam. o 
eyclinder, and that the weight begins to riſe, if you make 
a-ſtop to the chord F, as in R, in place which it paffes at thi 
time over the pulley I, ſo that the cord cannot any more turn 
on the E ſame thing will happen as if it were faſtned 
at the top of ihe little wheel E, and the weight will be raiſed 
6 feet, by the motion of its chord D, and 6 feet by the motion 
of the little wheel E, it will then have run over 6 feet in length 
hanging, while it is raiſed 12 feet. . 

Now if the parts of the Roll of the round beam on which 
the cords D and F are wound, are of different diameters, it 
will make the movements or motions, different, and in different 

N | e pro- 
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© proportions of thoſe which I come to explain; but it: wilt be 
ealv to determine them, the Diameters being given, or elſe, 
the motions being propoſed, it will be eaſy to find the Diame- 
ters of the Roll which will ſerve them. | 
We may alſo by the ſame means make it ſo, that one part of 
the-way of the weight ſhall be Horizontal, and the other parr 
riſe or deſcend perpendicularly, or. obliquely, which requires 
no long Explanation; I ſhall ſay no more of circular motions 
in riſing, or deſcending, ſeeing they only depend or belong to 
the figure of the hollow groove. There is in an all theſe mations 
many little cautions to be obſerved, which muſt be left to the 
induſtry of the Artificer. 1 2 8 e 
We may alſo make many motions different and oppoſite the 
one to the other, with one and the ſame motion, by tlie means 
of pulleys, referring from one to another which change the di- 
rection of the motions, which ſerve chiefly to make the changes 
of the Decorations, or Ornaments, of the rwo wings of Thea- 
tres; for one axis only A ( Fig. 211.) which bears the Tam- 
bours,or Cylinders B C, of different diameters, coming to turn 
by means of a counter poiſe, or weight, makes to advance to- 
wards the middle of the ſcene beneath the Theatre, the falſe 
frames or ſhaſhes D, which bear or carry the Ornaments or De- 
corations by the means of the chords C E, B E, which are faſt. 
ned to theſe ſhaſhes, or frames, and which are wound about 
on the Tambours in a contrary ſence: Theſe ſame ſhaſhes D 
adyancing, and thoſe of G retiring at the ſame time, whoſe 
place they take, by means of one or two chords I, which are 
Faltned to theſe two ſhaſhes, which paſs above the pulleys that 
refer from one to another H, which are thoſe in the walls of 
the two ſides. The motion or way of theſe two ſhaſhes will 
be more or leſs according to the proportion of the Tambours, 
or Cylinders, which bear the cords of their motion. 
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trary ſence to that of the chord E, to the end that it may wind 
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groove. 1 


This ſame tricker, or detainer, ſerves alſo to render the moti- 
on equal, which will otherwife be very unequal becauſe: of 


the acceleration of the counter-weight in deſcending. | 


- When one chord ſerves it ſelf, of many which are placed 
one from another for to raiſe the ſame weight, or which is 
the ſame thing, which ſuſtains it in ſeveral places, there muſt 
be inſtead of the little wheel E, a ſhaſh or frame of wood, uſed 


„ 


2s. M M, in which there muſt bé Polls, as N, which ſerve with 


the pulleys to paſs the chords above, theſe rolls turn on their 


Axes which enter in the long pieces of the ſhaſh or frame. This 


ſhaſh muſt run along on the two pieces of the hollow groove, 
being drawn through the hook O here we faſten the chord 
which ſerves to its mot io; but je behoves that the ſhaſh be 
kept on the hollow grooves that it fall not from one tide to the 


Other. fi; 


We may alto inſtead of the hollow grooves, make SUR chord 


only to ſerve, being well ſtretched out, on which mutt paſs 
a pulley, as R, which ſuitains another 8. which ſerves to ſua 
ſtain the chord of hanging motion. which. the pulley runs a- 
long in, in rouling on the chord which ſerves for the hollow 

- I ſhall not ſay any thing concerning the manner of making 
theſe hollow grooves, and their detainer in different places to 
render them ſolid, becauſe it belongs to workmen, which 
work in Carpentry or Joynery. 5 

W̃e may alſo make of theſe ſorts of movements which «croſs 
themſelves without trouble or confution, for it one ſerves to 
the ſhaſh, as I have explained before, it is caſy to ſee that the 


hollow grooves may be cut and interrupted in any place in a 
ſmall ſpace of 4.0r 5 inches, which may ſerve for the paſſing 


of the chord which ſuſtains he weight, which moves it ſelf 


' With a different motion from that which, is borne. on the holluw 


groove which is cut, without which the motion of the weight 
will be hindred; for che ſhaſh having its long pieces ſupported 
on thoſe of the hollow groove, it may pals cattly above the o- 
verture of the hollow greove. | 5 

What I have ſaid concerning the raiſing of Weights, may be 
applyed to their deſcent. 15 
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4 e f Globes, 22 and Terreſtrial | 
Spheres, Maps, Sca-Plats, Mathematical In- 
 ftruments, and Book, made and Sold by ]. Mox- 


on, at the Sin N af Ovick⸗ Lane „ 
Laden. 1 N E f 


BRITA N 


Lobes 24. Inches Diamtter ic the pair. 
Globes near 1g Inches N N ec 4.1. 
Globes 9 Inches Diameter. The price 2). 5. 

Globes 8 Inches Diameter. The price 2 J. 

The Engliſh Globe, invented. by the Right Hotoureble the 
Earl of Cotlemain, 12 Inches Diameter; the price ordinary. 
made up 31. beſt made up 51. + 

Concave Hemiſpheres of the Stary Orb, which: ferves for a 
Caſe to the Ternefrial Globe 3 Inches: Diameter, made portable 
for the Pocket, price 15 b. 

Spberec, according to the Prolomaick syllem, 14 Inches Dia- 
meter, price 3 J. | 

Spheres, according to the Prolomaick 1 8. Inches Diame- 
ter, Prices +4. 105. 

Gunter s Quadrant 12 Inches Radius; Printed on Paper; and- 

paſted on a Board, with. a Nocturnal on the back-ſide, price 
| F, 
8 Gunter's Ou edi art, 4 Inches Radius, printed on paper, and 
paſtèed on B: Bras, with a Nocturnal on the back: ſide, and a 
Wooden Cate covered with Leather ſit for it. A new Inventi- 
on Contrived for the Pocket, ptice 6's. 


A large Map of the: Werld, 10 Foot long, and 7 Foot deep, 
paſted on Cloth and coloured price 2 J. 


A Map 0 E all the World, 4 foot long and 3 foot deep, paſted 8 
on Cloth and coloured, price 106. in Sheets 26. 6d, - 


Si Scriptral Maps, 1. Of all the Earth, and how after the 
Flood it was divided among the Sons of. Noah, 2. Of Paradiſe 


Qr. 
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or the Garden of Eden, with the Countries circumjacent inlia- 

bited by the Patriarchs. "7 "Adi 
The 40 Tears Travel of the Children of ae through the 
Wilderneſs. 4. Of Canaan, or the Holy Land, and how it was 
divided among the Twelve Tribes of Iſrael, and travelled thro' 
by our Saviour and his Apoſtles. 5. The Travels of St. Paul and 
others of the Apoſtles, in the propagating the Goſpel. 6. Je- 
ruſalem, as it ſtood in our Saviouts time, with a Book of Expla- 
nations to theſe Map. Entituled. Sacred Geography, price of 
af the Maps 6 5. Book 25. to be bound up with, Bibles. _ 
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N Tutor to Aſtronomy and Geography, or the Uſe of the Globes 
: Celeſtial: and Terreſtrial ; by Foſeph Moon, A member of 
the Royal Society, and Hydrographer to the King's moſt Ex- 
cellent Majeſty, price 5 s. te} 
The uſe of the Copernican Spheres, teaching to ſolve as the 
Phenomina by them, as eaſily as by the Ptclomaick Spheres: By 
Foſeph Moxon, &c. price 45. 
Wright's Correction of Errors in the Art of Navigation, p. 8 s. 
An Exact Survey of the Microcoſm, being an Anatomy of the 
Bodies of Man and Woman, wherein the Skin, Veins, Nerves, 
Muſcles, Bones, Sinews, and Ligaments are accurately deline- 
' ated : Engraven on large Copper Plates, Printed and curiouſly. 
paſted together, ſo as at firſt ſight you may behold all the Parts 
of Man and Woman ; and by turning up ſeveral Diſſections of 
the Papers, take a view of all their inwards, with Alphabetical. 
References to the Names of every Member and part of the 
Body: Set forth in Latin by Remelins and Michael Spaber of 
Tyrol, and Engliſhed by John Ireton Chyrurgion; and laſtly, 
peruſed: and corrected: by ſeveral Artiſts: Now corrccted by 
Clopton Hawvers, M. D. and Fellow of the Royal Society, price 
plain 15 s. coloured 11. 105. 8 | 
A Tutor to Aſtrology, or Aſtrology made eaſie, price 25. 
The Uſe of a Mathematical Inſtrument called a Quadrant, 
price 6 d. OM} HE AS 
Mechanick Exerciſes: Or, the Doctrine of Handy Works, jn 
nine Monthly Exerciſes. The Firſt Three, viz. W 
l Nu ” 


Numb. M nnd llt: kg the! Art of Snlthing 1 + The'Se | 
cond Three, viz. Numb. IV. Numb. VI Numb. 1. teachin 
che Are Forery. The Third Three, is. Numb. VII. Numb. 
VIII. Numb. IX. reaching the Arr of Hoſe Carpentry: Accom⸗- 
mo dated with ſuitable Engraved Figures, by Feleph Ener. 
& O&§s price of each Monthly Exerciſe's d. tf 
3 Nec hanieli e Teaching any niany\thagh of who 
parCCapaciey.” and unlearned in the !Mathetmarticks,-10--draw 
atrue Sun-Dyal on any. Given Plam, however ſituatad only 
with the Help of a lrsigbt rule ard a pair of Compaſſes; ard 
without any Arithmetical Calculation by Foſ. Moxon, p. 1 f. 6 d. 
Mellificium Menuſionis: Or, | 
. priſed in 6 Books "with Copper plates, ff 
Pt, of Meaſaring, "Carpet 
Joyners, Glaziers and Painters r and all Super cies and 
Solids, price bound 3 $ Cd. J RY c. oi wint © 
At the place aforeſaid, you may have alſo all mannef of 
Maps, Sea-plats, Drafts, Mathematical gar N e e 
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